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Abstract

The balance of global economic power is shifting. Traditionally strong countries are stagnating and a new
corps of hopefuls is waiting in the wings. These emerging countries are characterized by largely untapped
natural resources and a wealth of latent human talent. At the same time, internet penetration and the
revolution in speed of communication has laid the foundation for a new type of Industrial Revolution with
sustainable manufacturing at its heart. China is at the forefront of this new group with a number of industries
well-positioned to step forward onto the global stage. This paper discusses the current status and strategic
plans of Shenyang Machine Tool, the largest machine tool manufacturer in the world. Sustainable
manufacturing is only just entering the consciousness of the global machine tool industry. There is not only
tremendous capacity for the implementation of sustainable manufacturing principles, the very future of the

industry depends on them.
Keywords:

China, Co-operations, Machine Tools, SMART, Sustainable Manufacturing

1 INTRODUCTION

The global economic balance is undergoing dramatic change.
The mature, industrialized countries are stagnating; their
pace of development slowing. Protecting their competitive
positions is becoming harder and harder. Rather than set new
standards, individuals are challenged just to maintain the
existing ones. Decreasing resources and increasing energy
demands are creating higher costs not only for manufacturing
goods but also in our daily lives.

Meanwhile, some emerging countries are attracting more and
more global attention. Their largely untapped potential for
development, both in terms of human capital and natural
resources, grants them an important position on the global
stage. In particular the BRICS countries, comprising Brazil,
China, India, Russia and South Africa, are fast becoming
essential players in the global economy.

Regardless of development level, the advent of new
technology and the rise of social media have made global
communication at incredible speed a reality for all. This will
have an important impact on future global development.
Already, the current phase has been named Industry 4.0 — as
in the 4th Industrial Revolution.

The aforementioned developments combined with the rise of
sustainable manufacturing processes will lead to new
products in all areas of life as well as to new ideas for
manufacturing itself and the business environment

This presentation examines the Chinese approach to
sustainable manufacturing via the example of the country's
leading machine tool manufacturer. As machine tools are
“mother machines” for any product in the word, the
aforementioned conditions will have a critical impact on the
development of new machine tools. Furthermore, as mother
machines their advancement will induce great changes
across the world.

2 INTRODUCING SHENYANG MACHINE TOOL

Despite tracing its roots back to the late 1930s, the Chinese
machine tool industry was a relatively late entrant to the world
stage. Post-reform and opening up, as China’s economy
gained steam and began to record decades of unparalleled
growth, the domestic machine tool industry also underwent
tremendous expansion.

Shenyang Machine Tool Group (SYMG) was founded in 1995
through consolidation of the three largest machine tool works
in Shenyang, China’s historical manufacturing heart and the
capital of Liaoning province.

Ranked 36t globally by revenue in 2002, SYMG by 2011 not
only stood at the forefront of China’s machine tool
manufacturers but had become the world’s largest machine
tool manufacturer with revenues in excess of €1.8 billion.

With aggressively-funded strategic R&D centers in Berlin,
Shanghai, and Beijing and a global workforce of 18,000
highly skilled workers, SYMG is uniquely positioned to
capitalize on the coming industrial transformation.

3 INDUSTRY DEVELOPMENT MILESTONES

With equipment operation an entirely manual affair, in its
infancy machining revolved around the development and
maintenance of a highly skilled workforce. Apprenticeships
were common and peak worker productivity was only realized
after years of gradual training and study.

The first big breakthrough was the advent of ‘numerical
control’ (NC) in the early 1940s. Existing manual machining
equipment was retrofit with crude motor-driven mechanical
assemblies that accepted punched tape to control workpiece
location, cutting speed and depth. In a stroke, one expert
machinist could record his sequence of actions and
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propagate them via punch tape across entire factories. The
impact on production efficiency was staggering.

As the 1960s wore on and the computer revolution took hold
the next great breakthrough was the arrival of ‘computerized
numerical control’ (CNC). A natural successor to NC
systems, CNC was the end of the traditional machinist as the
industry had known him for decades. In his place now stood a
highly skilled designer who programmed the machines and a
team of relatively lower skilled operators which oversaw the
loading, activation, and unloading of individual machine tools.
This arrangement lead to another leap forwards in
productivity and also dramatically increased the flexibility, as
machining programs could be easily and quickly modified as
needs required.

From the 1980s onward the manufacturing industry continued
to experience technical breakthroughs: cutting speeds rapidly
increased, automation and robotics went from high concept to
baseline technology, and hybrid CNC platforms capable of
performing a variety of cuttings tasks including turning,
milling, tapping, laser cutting and so on rose to prominence.

Despite this continuous technological progress, the actual
productivity, efficiency, and flexibility gains generated at each
step of development have been diminishing for some time.
Core technologies have standardized across manufacturers,
deep research and design spending is yielding fewer and
fewer returns, and the pace of development has begun to
stagnate.

Current cutting-edge research is concerned with maximizing
the efficiency of energy usage and raw materials, and
creating more environmentally-friendly products. These
motivations, honorable though they be, are meaningful only
for the uppermost reaches of the manufacturing industry.
Reducing electrical consumption by 2%, for example, is of
relatively little consequence to the manufacturing industry’s
mid- and low-market level customers. They have more
pressing needs and, as we shall see, they are legion.

4 TRENDS IN MACHINE TOOL DEMAND

4.1 Global overview

7.2 billion strong today, the world’s population is forecasted to
reach 8.1 billion in just over a decade and 9.6 billion by 2050
with nearly all of the growth occurring in developing
countries.[1][2] Only 1.25 billion people around the world live
in developed countries, yet these are the markets that current
machine tool research and design efforts almost exclusively
target. The amount of potential buyers for high-end machine
tools in Africa hardy justifies the cost overhead of setting up a
retail outlet!

4.2 Regional highlights

The coming sea-change in economic influence is as
predictable as it is unavoidable. Markets which were once
afterthoughts, customers both overlooked and ignored, are
tomorrow’s most sought-after commodity.

The economies which dominated the latter half of the 20t
century will be marginalized by the middle of the 21st as
Figure 1 from the OECD aptly illustrates.

India
17%
China
® Other Non-
QECD
B Other OECD
W EU

Japan

B USA

2011

Figure 1: Forecasted % of global GDP.[3]

While this impending economic transition is well-understood,
far less time has been spent considering the product demand
implications of such a shift. As an example, in 2010 China
overtook Japan to become the world’s second largest
economy but three years later many industries are still
grappling with how to design, develop, and market products
from the ground up for the Chinese consumer.[4]

The machine tool industry is no exception. Despite clear data
regarding on-going demographic and economic shifts, key
manufacturers have yet to begin tailoring their products to
these new markets.

While manufacturing needs are broadly consistent, it is not so
simple as localizing documentation and certifying quality
under new legal frameworks. Failure is certain if
manufacturers don’t respect the characteristics of these new
markets. Time must be taken to understand their manifold
differences in everything from history and culture, to behavior
patterns, communication methods, and work-life balance.

5 THE INTERNET AS GAME-CHANGER

5.1 Whois online?

Three billion people will be online by 2016. It is expected that
nearly 4/5ths of all broadband devices will be mobile. In 2005
within the G-20 countries 68% of online users were from
developed nations. By 2015 that ratio is expected to flip: 67%
of the online community will be in developing countries.[5]

What's more, these developing country user bases are
comfortable with a far higher average level of Internet
technology than their developed country peers. As economic
latecomers, they were non-participants during the early
decades. To them there is no ‘Web 2.0’ because they didn’t
experience Web 1.0, there is simply the Internet. This makes
them comparatively flexible and quicker to embrace new
technologies, when they can be afforded.



5.2 The new players

Generation Y is now climbing the corporate ladder. While
they have yet to ascend high enough to directly influence
purchasing decisions, they dominate the factory operator
ranks.

Whereas their predecessors painstakingly adapted to each
new increment in computerized manufacturing, Generation Y
has grown up with email, mobile phones, and instant
messaging. Touch screens are a standard feature, not a
frivolous optional accessory. Manual tool controls are
unthinkably inefficient.

The manufacturing environment these young, talented
individuals are entering is the twilight era of computer
integrated manufacturing. Computer-aided drafting,
engineering, production, quality, and management — all
breakthroughs at one time — are now industry standards.
Rather than ask a candidate if they are familiar with CAD,
one inquires as to which platforms they've used and with
which programming languages they are fluent.

The stage has been set for the next great leap forward.

5.3 Industry 4.0 & Impact on manufacturing

After successive decades of diminishing manufacturing R&D
returns on efficiency, productivity, and flexibility a new era of
unprecedented potential is almost upon us.

The simultaneous arrival of a technologically adept global
workforce, deep penetration of Internet access around the
world, and the rise of emerging economies is creating a
synergy that will transform the entire manufacturing industry —
the era of ‘Internet Driven Manufacturing’ (IDM) is on the
horizon.

Via IDM a design engineer in Bangalore can upload her CAD
schematics to a cloud marketplace and production solicit bids
from a family-owned shop on the outskirts of Jakarta. Via
IDM a factory foreman from Kenya can use his mobile phone
to monitor production and issues orders while attending a
lecture during a symposium in Johannesburg. Via IDM a
service engineer in Berlin can fly overnight to Sdo Paulo and
pay a service call to his key customer before they are even
aware something is wrong because the machines have
automatically notified their manufacturer.

Succeeding in Industry 4.0 will require talented personnel,
comprehensive IT infrastructure, economic strength, and
enlightened manufacturers.

6 HOW CHINESE MACHINE TOOL MANUFACTURERS
ARE ADAPTING

As the world’s shop floor, and with the largest Internet
community on Earth, China stands ready to make the most of
Industry 4.0.

6.1 Strategic innovation

Long noted for their ability to imitate and adapt the designs of
others, the Chinese manufacturers are beginning to blaze
their own path. With nearly 50% of all machine tools in the
world sold domestically, Chinese manufacturers are virtually
right next door to their most important customers. With strong
central government support, the industry has moved beyond
asking ‘what’ and is now entering a phase of ‘strategic hows’:

Chinese approach to sustainable manufacturing

e How can we help our customers reach their own goals?

e How can we minimize capital risk and thereby lower the
bar to market entry?

e How can we generate new revenue from products already
in the field?

e How can we capitalize on the technical savvy of our
customers?

e How do we differentiate ourselves in an era of
technological homogenization?

The corporations which can answer these questions are
tomorrow’s industry titans.

6.2 ‘Co-Operations’

Those that do attempt to answer the questions above are
beginning to understand that within the manufacturing
industry no one entity is in position to provide all the know-
how, services, and equipment that the 21st century customer
needs. Furthermore, there isn’t time to develop the missing
capabilities. The market cannot wait.

The solution as we are now seeing today is the rise of ‘Co-
Operations’ within the manufacturing industry. Companies
are moving beyond the traditional vendor-client relationship to
create harmonious partnerships. Rather than providing the
customer a list of ‘manufacturer approved’ third-party
accessories providers, companies are now approaching the
customer as a team with a portfolio of complimentary
products and services.

6.3 Embracing global cooperation

To their credit, the Chinese manufacturers are not just
reaching across corporate lines, they are crossing borders as
well. The machine tool industry has technological and
industrial hubs in North America, Europe, and East Asia.
Chinese manufacturers are actively seeking out international
partners with complimentary capabilities to create highly
effective, well-rounded alliances. What was once a corporate
climate of defiant independence is giving way to the
realization that ably standing on equal footing with other
industrial champions has yet more merit.

7 NEXT GENERATION MACHINING

7.1 Development trends

Machine tool manufacturers are turning away from chasing
ever smaller fractional gains in cutting speed and accuracy,
and are instead attacking other aspects of the complicated
modern machining process. The following areas are where
future growth potential is found.

7.2 ‘SMART’ products

First and foremost, ‘SMART’ machine tools are simple. That
is not to say they lack features or capability. On the contrary,
the next generation of machine tools are more feature-rich
and flexible than any before. Rather, careful attention is paid
to make the user experience as logical, comfortable, and
effortless as possible. In this way new operators can quickly
make strong contributions to production.

Secondly, ‘SMART’ machine tools are maintenance-friendly.
In this industry downtime as an event is unavoidable, but its
nature and duration can be controlled through intelligent
design.
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Thirdly, ‘SMART machine tools are affordable. Global
economic growth for at least the next three decades will be
concentrated in markets for whom the machine tool high-end
segment is wholly out of reach.

Fourth, ‘SMART’ machine tools are reliable. While the
technological gap between low- and high-end machine tools
has narrowed considerably, reliability differences remain.
Next generation machine tools will allow mid- and low-level
customers to operate round-the-clock worry-free.

Lastly, ‘SMART’ machine tools are timely to market and
profit. In other words they must be quick to build, customize,
deliver, and succeed. This will be accomplished via the
widespread adoption of modular design principles which have
already been put to great use in other industries and by
actively engaging the customer at all steps of the business
process.

7.3 ‘SMART enterprises

Creating these new smart products will be smart enterprises.
Multidisciplinary, multicultural, and egalitarian, these
corporations will present their customers with efficient,
flexible, customized interactions at all stages of the business
process.

While long-term strategy will still be set by a core group of
visionaries, frontline employees will be empowered with the
authority necessary to resolve any and all customer issues.

The corporation will be able to marshal expansive resources
to meet market needs while still presenting a personal link to
individual customers.

7.4 New business model

An industry once characterized by a ‘sell and forget’ mentality
is speeding towards an integrated solutions provider business
model with sustainable manufacturing at its core.

Well-built machine tools have a life-expectancy measured in
decades, but the needs of individual customers develop on
the order of years. Establishing comprehensive upgrade,
refurbishment, and buyback operations allows for still-useful
equipment to find its way into the hands of grateful new
owners while freeing the original customer to invest in greater
hardware.

The 2008 financial crisis and ensuing collapse of lender credit
had a devastating impact on the manufacturing industry.
Operating on already tight cash flows, when credit lines dried
up SMEs found themselves caught in a vicious cycle: unable
to purchase new tooling they could not receive new orders,
unable to receive new orders they could not generate the
cash necessary to purchase new tooling. Credit liquidity has
been slow to return. Forward-thinking machine tool
manufacturers are filling this void by developing their own
internal financing mechanisms. Customers are responding

very positively as they realize their interests of their creditor
and business partner are finally aligned, since they are the
same entity.

8 CONCLUSION

The machine tool industry’s decades-long pursuit of speed
and accuracy is fast coming to an end. The rise of the wired
populace, optimization of  global communications
infrastructure, and growing importance of developing
economies heralds a new era of machining and a new
definition of ‘best’ product. Ergonomics, reliability, digital
integration, and robust product portfolios are the keys to the
next generation. China, due to its role as the world’s
workshop, its tremendous online population, and its economic
strength is uniquely positioned to lead the coming revolution
of sustainable, smart manufacturing.
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Abstract

The goal of this paper is to give further information concerning the Keynote “A Brazilian perspective on
sustainable manufacturing and remanufacturing” held on the 11th CIRP Conference on Sustainable
Manufacturing. Therefore, this paper contains the description of the current Brazilian situation in terms of
poverty, social inequalities and violence and in contrast the country’s abundance of natural resources. Thus, it
is reported how this current situation is associated with sustainable development, mainly in the Brazilian
industrial sector. Finally, an example of a sustainable approach to be adopted by companies within this

context is given, namely remanufacturing.
Keywords:

Brazil: Sustainability; Brazil Industry; Remanufacturing.

1 INTRODUCTION

Brazil is an emerging country which influence in the
international trade and politics has been steadily growing
since the last decades, mainly because the country offers
great perspectives for sustainable development. However,
the country’s main drawbacks are related to weak public
healthcare systems and more generally a lack of
infrastructure hampers its development.

The goal of this paper is to describe the Keynote “A Brazilian
perspective on sustainable manufacturing and
remanufacturing” held on the 11th CIRP Conference on
Sustainable Manufacturing.

An overview of the current strengths and weaknesses of
Brazil is given in general terms, and associated with the
opportunities of the country to use sustainable development
as a main driver for the growth of its industry.

2 BRAZIL: A COUNTRY OF CONTRADICTIONS

2.1 Positive side: abundance of natural resources

Brazil has a great amount of natural resources, which
highlights the importance and the responsibility of the country
in the current global scenario of limited resources and
growing consciousness towards the need for sustainability.

For instance, almost 50% of the national energy supply
comes from renewable sources. Also, the country presents
the world's largest stock of the carbon stored in forest
biomass, as it has the largest area of rainforest and the
second largest forestry. The forest area covers 60% of the
country’s territory. In addition, approximately 12% of the
planet's available surface water is located in Brazil [1].

The country contains a large territory covered by natural
parks, extractive reserves and indigenous lands. There are
68 units of natural parks with an extension of 38.325.615 ha
(hectare) [2], 22 units of extractive reserves covering
3.407.915 ha [3] and 608 units of indigenous lands in
109.741.229 ha [4]. The indigenous lands territory represents
13% of all the Brazilian territory.

The sum of these three types of territories covers
151.474.759 ha, which is four times the extension of the
Germany territory, which is 35.702.100 ha [5].

2.2 Negative side: poverty, social inequalities and
violence

One of the Brazil most spread characteristics is its high
poverty rate. 23.6% of the population lives in families with an
income below the poverty line. Since Brazil has big
proportions and population, this 23.6% represents between
16 and 25 million people [6].

Yet, Brazil is among the 10 countries with the highest rates of
social disparity. The main reasons leading to this
disproportion are [7]:

e  The lack of access to education;

. Unfair fiscal policy;

e Low wages and lack of basic services, such as
health, transport and public sanitation.

The large numbers associated to violence are also refraining
further social integrity, mainly when it comes to the use of
firearms. 70% of homicides in the country are committed with
firearms. As an illustration of the last years situation, in 2010,
more than 106 persons were killed by means of firearms
every day [8].

These numbers are even more alarming when it comes to
homicides per young people. The rate of 54.8 homicides per
100,000 young people is 137 times higher than the rates of
Germany [8].

Despite the fact that Brazil is a country without territorial
disputes, emancipatory movements, religious confrontations,
racial or ethnic, border conflicts or terrorist acts, it is difficult
to deny that the country holds a civil war. Between 2008 and
2011, a total of 206,005 died victims of homicides in Brazil,
resulting in a higher casualties number than the deaths
occurred during the 12 major armed conflicts that took place
in world between 2004 and 2007 [8].
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2.3 Growth of consciousness of Brazilian Society

Some recent movements and actions in Brazil have been
retaining the attention of the global news stream. The most
significative one occurred between April and June of 2013,
when thousands of Brazilian went in the streets to
demonstrate their dissatisfaction with the alarming current
situation in Brazil in terms of public infrastructure
management, as well as the lack of improvement measures
from the government.

The trigger fuse to start the manifestation was the increase of
0.20 cents in the bus fare on public transport in the states of
Sao Paulo and Rio de Janeiro. More than 100,000 people
went on the streets and most of them were young people on
age between 17 and 25 [9].

An important event is about to happen in Brazil, the World
Cup on 2014. Regarding this event, example of sustainability
actions can be outlined. The Environment Minister Izabella
Teixeira highlighted five actions of the sustainability agenda
regarding World Cup in Brazil [10]:

. Management of solid waste in the host cities;

. Expansion of the structure to receive tourists in the
Parks Cup (as Foz do Iguagu and Fernando de
Noronha);

. Decrease of the emission of greenhouse gases;
. Encouraging the production of organic food;

e  Grant of a Seal of Sustainability to companies and
organizations.

The manifestations point out the necessity for the Brazilian
government to pay attention to the social dimension, since
society seems to be expecting concrete actions from the
politicians. On the other side, the actions presented by the
Environment Minister for World Cup shows an increasing
public consciousness regarding the sustainability aspects.
Another relevant point to be treated is the status of
sustainability on the Brazilian industry.

3 SUSTAINABILITY ON BRAZILIAN INDUSTRY
Plenty of challenges and opportunities are identified when it
comes to sustainability on the Brazilian industry.

3.1 Challenges of sustainable

Brazilian industry

development on

Some factors hinder the development of sustainability in the
Brazilian industrial sector. These factors are described below:
(11

One important fact is the distortions within the Brazilian tax
system. The unjustified diversity of taxes and frequent
changes in the format of Brazilian taxation increases
complexity to make changes and improvements to the
current system.

High costs to access credit and interest rates can also be
considered a problem since it hampers the access to long
term credit for enterprises, mainly for micro and small
companies.

Another factor is associated with the lack of policy
instruments favoring R&D and innovation for sustainability
and the lack of coordination among public and private
institutions to work together, aligned with national innovation
and sustainability strategies.

Instability, inadequate management and regulatory
frameworks in the environmental area are also factors that
hinder the development of sustainability in the Brazilian
industrial sector. The focus of environmental public
management is limited to licensing and permitting activities,
instead of considering incentive actions to stimulate Brazilian
companies on the adoption of environmental actions.

Insufficient and poor quality of infrastructure services are also
challenges on sustainability adoption. The greatest lack of
services is on the areas of transportation and sanitation.

Last but not least, education sector appears as a dismissed
sector, especially within the public primary and secondary
education system. This causes a lack of basic education and
environmental awareness of the population regarding the
importance of a sustainable development and also an
insufficient number of skilled workers to aliment the growing
human resources needs from the Brazilian economy

3.2 Opportunities of sustainable development on
Brazilian industry

In spite of the challenges described in the session 3.1,
Brazilian industry presents numerous opportunities for
industrial sustainable development [1].

An opportunity is the investment on wind and solar energy.
Currently, they are underutilized in Brazil. Regarding
biodiversity, Brazil harbors covers about 15% of all species
on the planet, however only a small portion is known.
Exploiting the potential of biotechnology is presented as
advancement opportunity for Brazilian industry, mainly for the
pharmaceutics sector.

An important action is the creation of incentives such as
"Climate Fund®, which aims to finance projects that target
mitigation and adaptation of climate change and its effects.

In addition, investment in research, technological
development and innovation are a source of opportunities to
increase efficiency, reduce costs and develop new business.

Opportunities can also be associated to the solid waste
management, which aims to stimulate the reuse of products
and materials as inputs in the production system. Brazil is an
international benchmark for waste recycling in activities that
also contributes to social inclusion.

It is also relevant to considerer that the changes required for
a sustainable development pattern depends on both public
and private investment, particularly in cleaner production
technologies and innovative methods in business
management.

Concerning innovative ways to reach sustainable actions on
the business, remanufacturing is an approach that can
support companies on developing actions on the three pillars
of sustainability [11].

4 REMANUFACTURING: EXAMPLE OF SUSTAINABLE
APPROACH TO BE ADOPTED BY BRAZILIAN
INDUSTRY

4.1 Definition of remanufacturing

Some approaches are being adopted by companies for
defining recovering strategies for products that reaches their
end of life (EOL). Beside waste reduction, remanufacturing is
the most promising strategy for enabling several product life
cycles.
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Figure 1: Traditional and reverse material flow.

The EOL product, also named core, returns to the production
process and pass thought steps like disassembly, cleaning,
repair, inspection and assembly. The remanufactured product
is characterized by having the same quality and warranty as a
new one. In addition, remanufacturing process preserves part
of the value added to the product during its manufacturing,
allowing companies to increase resource efficiency and
productivity [12].

Motivations to implement remanufacturing can be highlighted.
By performing remanufacturing, companies can increase
market share gain as well as contribute toward more
sustainable production and consumption [13-14].

In Brazil, only few Brazilian companies are committed with
the final destination of the used products they manufactured.
However, this situation might change in the near future
because of to the enacted National Policy on Solid Waste in
2010. The objective of this law is to stimulate Extended
Producer Responsibility (EPR) [15].

4.2 Remanufacturing oriented project

Aiming to stimulate the adoption of remanufacturing by
companies, the project named “Networking small and
medium sized enterprises for competitive remanufacturing” is
being carried out by Technische Universitat Berlin (Prof. Dr.-
Ing. Glnther Seliger) and Universidade de Sao Paulo (Prof.
Dr.-Ing. Henrique Rozenfeld). This project is part of the
BRAGECRIM Program - Brazilian and Germany Collaborative
Research Initiative in Manufacturing.

The goal of the project is to create new potentials for
competitive advantages by providing guidelines to key actors
of remanufacturing networks. To reach that goal, an online
guideline is being created in order to support companies on
defining remanufacturing oriented business models.

4.3 Guideline for remanufacturing business models

The guideline is composed of business models dimensions
ad templates associated with each dimension. The
dimensions of the guideline are adapted from Canvas
business models and its nine elements: customer segments,
value propositions, channels, customer relationships,
revenue streams, key resources, key activities, key
partnerships and cost structure [16].
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Figure 2: Canvas Business Model [16]

A Brazilian perspective on remanufacturing

For each dimension, the user has inputs, tools, free outputs
and attributes available to support him on the definition of the
important characteristics of a specific business model
dimension.

Each dimension has a template associated, which the user
can download on the website and fulfill it according to options
and choices he makes about his own remanufacturing
business. The user can fulfill the templates following the
information available on the dimensions.

Therefore, the guideline enables the design of the current or
future business model based on selection of different
remanufacturing attributes. In addition, new business
opportunities for new entrants and improvements on current
remanufacturing business can emerge.

5 FINAL CONSIDERATIONS

This paper described the Keynote “A Brazilian perspective on
sustainable manufacturing and remanufacturing” held on the
10th CIRP Conference on Sustainable Manufacturing.

By introducing Remanufacturing as an approach to reach
sustainability on industry, challenges and opportunities
discussed on session 3.1 and 3.2 are implied. First of them
concerns  solid waste management. By making
remanufacturing, enterprises need to create mechanisms to
take back the product on its EOL, avoiding the increase of
industrial waste and enabling a more efficient use of
resources. The second point is related to technology and
innovation. By adopting remanufacturing, companies may
require the development of new technologies, e.g. for
cleaning the product, and also the adaption or creation of new
business models, which can lead to innovative business. The
third point covers the social inclusion by increasing number of
jobs. The development of the remanufacturing industry will
demand more workforce, mainly because remanufacturing is
labor oriented, with few possibilities for further automation
processes.
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Abstract

Sustainable value creation entails generating value for all stakeholders from economic, environmental and
social perspectives. In a manufacturing context, creating sustainable value requires product, process and
systems level innovations to enable near-perpetual closed-loop material flow across multiple life-cycles; it also
requires understanding the complex interactions of the socio-technical systems with the natural environment
for emergent synthesis so sustainable value creation can occur harmoniously and continuously. However,
current educational curricula with traditional disciplines is fragmented and do not represent the multi-
disciplinarity or the integration needs; it is now necessary to work at the interface of the various disciplines to
address the complex issues that are brought about through sustainability. Thus, to create sustainable value
through sustainable manufacturing will require transformational and innovative reforms in education with an
overall paradigm shift to provide the future generation of engineers, scientists and managers the necessary
technical knowledge, skills and capabilities. This paper presents recent trends in developing such innovative
educational programs in sustainable manufacturing. Also, the technological challenges posed by the need for
implementing viable innovative sustainable manufacturing educational programs inevitably require
fundamental studies on total life-cycle products, closed-loop manufacturing processes and integrated
production systems extending beyond to the entire supply chain operations. This paper is aimed at tackling
these significant challenges by essentially developing sustainable value propositions for all forms of
educational programs (formal degrees and certificate level programs, professional/continuing education
programs, short courses and web-based interactive learning programs, etc.) to incorporate the new knowledge

needed to promote value-added sustainable manufacturing at product, process and system levels.

Keywords:

Sustainable manufacturing, innovation, education, curriculum development

1 INTRODUCTION

With continuously increasing awareness and the need for
sustainable products and processes, a strong emphasis
needs to be placed on developing education and training
programs including relevant curricula for engineers and
scientists of the future to provide the basic theories and
applications of sustainability science involving product life-
cycle engineering and sustainability principles for societal,
economic and environmental benefits. Over the last few
decades, traditional manufacturing/production engineering
educational programs have long depended on curricula
based on concurrent engineering methodologies covering
product and process designs, functional design development,
concept selection for product design, materials and process
selection, process planning including assembly analysis, etc.,
all aimed at optimally selected designs and manufacturing
practices for economic manufacturing. These programs
however suffer from the lack of consideration of sustainability
principles.

While significant progress is being made in new curriculum
development and/or updating current curriculum to
incorporate  sustainability principles and practices in
manufacturing, more needs to be done, particularly in the
broader sustainability perspective, to cover the entire
production system. This would require full understanding of
the total life-cycle effects involving innovative methods for

products, processes and systems involved in manufacturing.
Attempts must also be made to maintain the holistic objective
given by the overall sustainability requirements in industrial
production for which educational programs must be
significantly revised. It has been shown that efforts to make
manufacturing more sustainable must also consider
sustainability issues at all relevant levels: product, process,
and system [1]. At the product level, there is a need to move
beyond the traditional 3R concept promoting green
technologies (reduce, reuse, recycle) to a more recent 6R
concept forming the basis for sustainable manufacturing
(reduce, reuse, recycle, recover, redesign, remanufacture),
since this allows for shifting from an open-loop, single life-
cycle paradigm to a more meaningful, closed-loop, multiple
life-cycle paradigm [2]. At the process level, there is a need to
model and achieve optimized technological improvements
and develop process planning to reduce energy and resource
consumptions, toxic wastes, occupational hazards, etc.
without compromising the product quality or the
manufacturing productivity [3]. At the system level, there is a
need to consider all aspects of the entire supply chain, by
taking into account all the major life-cycle stages — pre-
manufacturing, manufacturing, use and post-use — over
multiple life-cycles [4].

This paper presents an overview of recent trends, and new
challenges involved in developing educational programs
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and/or updating curriculum for producing next generation
engineers and scientist with adequate and relevant
knowledge for achieving overall sustainability at the product,
process and system levels in industrial production.

1.1 The role of education and training in sustainability
applications for manufacturing

Sustainability as the driver for innovation: Numerous
studies and in-depth analysis of sustainability concepts and
applications have shown that sustainability is a driver for
innovation. The most notable among these studies include an
early work published in the Harvard Business Review [5]
which presents a five-stage approach with central challenges
and competencies required, and the innovation opportunities
discussed for each stage:

Stage 1: Viewing compliance as opportunity;

Stage 2: Making value chains sustainable;

Stage 3: Designing sustainable products and services;
Stage 4: Developing new business models; and

Stage 5: Creating next practice platforms.

A more recent MIT study [6] shows that many companies are
generating profits from sustainability. They recommend five
practices to accomplish this:

* Need to change the business model

* Leading from the top to integrate the effects

* Measuring and tracking sustainability goals and
performance

* Understanding the customer expectations for
sustainability in terms of value and cost

* Collaborating with individuals, customers, businesses
and groups beyond the boundaries of the organization

Innovation promotes accelerated growth in
manufacturing: It is well-known that innovation in industrial
production with advancement of product and process
technologies leads to technological advances with
competitive advantage, and this promotes accelerated growth
in manufacturing. Sustainable products and processes are
known to be innovative, and they contribute to societal and
environmental benefits, too.

Manufacturing is the engine for wealth generation and
societal well-being: National economy of any country
heavily depends on the manufacturing capacity and the
diversity of products and processes developed for its
population, and for marketing to other nations. Developed
and developing nations have shown the pivotal role of
manufacturing in job creation, societal well-being and national
economic advancement.

Societal well-being and economic growth heavily depend
on the level and quality of education and training:
Education and training of workforce are essential elements
for economic and social growth of any nation. Such education
and training programs in sustainability are also a strategic
requirement for nations, communities and individuals. Thus,
innovation is vital for promoting sustainable manufacturing
that is an engine for more sustainable growth and education
and training play a strategic role in enabling this future.

1.2 Sustainable manufacturing: Definition

Sustainable manufacturing deals with three integral elements:
products, processes and systems. To achieve sustainable
production, each of these three integral elements is expected
to demonstrate:

(a) reduced negative environmental impact,

(b) offer improved energy and resource efficiency,

(c) generate minimum quantity of wastes,

(d) provide operational safety, and

(e) offer improved personal health
while maintaining and/or improving the product and process
quality.
There are numerous definitions and descriptions for
sustainable manufacturing. However, almost all such
definitions fall short of showing the connectivity among the
above integral elements. Sustainable manufacturing offers a
new way of producing functionally superior products using
sustainable technologies and manufacturing methods through
the coordination of capabilities across the supply chain. Thus,
integrated sustainable manufacturing focusing on product,
process and system levels must ultimately enable sustainable
value creation for all stakeholders. This entails following a co-
creative model to generating value through sustainable
manufacturing where value generation is approached broadly
from a systems thinking perspective by taking account of the
dependencies between the producer, the consumer as well
as the product/service and the wider social and natural
environment, as opposed to manufacturers simply providing
value independent of the other stakeholder needs (providing
value model) or value being assessed based only on the
interactions between the product/service and the environment
(Adaptive Model) (Figure 1) [7].

Class |

Providing Value

Class llI ‘

Co-creative
alue Model

Value creation domain

@ Product/Service

Environment
(natural and social)

Figure 1: Sustainable value co-creation models
(Based on [7]).

2  REVIEW OF RELEVANT LITERATURE ON
EDUCATIONAL NEEDS FOR SUSTAINABLE
MANUFACTURING

There is a large domain of literature on engineering education
applied to manufacturing in general. More recently, an
increasing trend is noted in published material covering
specific aspects of environmental and sustainable
engineering programs. This is due continuing awareness of
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sustainability issues by the society at large and the new and
attractive research funding opportunities that have come to
exist. As the industrial sector continues to embrace
sustainable manufacturing technologies, universities and
institutes of higher learning are increasing their curriculum
development activities to match the industry needs and to
satisfy the stakeholders at large.

An early work presents an educational program for
sustainable futures largely based on environmental concerns
[8]. Concepts of global competitive sustainable manufacturing
are shown for creating the knowledge base of
competitiveness and sustainability from education, research
and innovation [9]. To accomplish sustainable industrial
systems enabling the delivery of high value, the emerging
role of systems thinking in education, research and industrial
practices was emphasized with specific recommendations
[10]. Educational challenges involved in preparing future
engineers in the U.S. with sustainable engineering
fundamentals were summarized from the efforts of Center for
Sustainable Engineering (CSE) through documented
activities of national level workshops, roadmap assessment
and the development of an electronic library [11]. This follows
an earlier extensive study of sustainable engineering
education and research in U.S. universities [12-14] and an
international comparative study of sustainability education
[15]. Also, a more specific comparative study of
undergraduate educational programs in selected U.S.
universities has been reported [16]. New challenges involved
in developing educational programs to introduce design for
sustainability principles and practices were also presented
[17]. More recently, an extensive review of sustainable
manufacturing research emphasizes the need for developing
educational programs for future engineers with a broad-based
understanding of product and process design, material
processing and manufacturing by highlighting their influence
across the entire life-cycle [18].

3  SUSTAINABLE VALUE FROM INNOVATIVE
PRODUCTS, PROCESSES AND SYSTEMS

3.1 General Background

Developing innovative products, processes and systems is a
significant aspect of sustainable manufacturing, and it
involves a holistic approach to manufacturing different from
the traditional manufacturing practices where the quality and
performance characteristics are measured and quantified
independently, often with no consideration of the effects of
other integral elements. While integrated product — process
design methodologies have largely been based on concurrent
engineering applications, involving team of “experts” from
multi-disciplinary ~ fields, territorial  boundaries  and
responsibilities with varying reporting structures of team
members, unless centrally managed, often have prevented
these experts from going across the boundaries of their units
and/or organization to participate in developing innovative
products, processes and systems. The emerging holistic and
integrated approach requires all stakeholders to work
together on common objectives with total commitment. To
enable innovation in sustainable manufacturing, innovation
must be embraced at the product, process and systems
levels with close interactions among each other as shown in
Figure 2.

Innovation in sustainable manufacturing education

Product-System
Integration

Process-System
Integration

Product-Process
Integration

Figure 2: Innovation in sustainable manufacturing at
integrated product, process and system levels.

Fully integrated sustainable manufacturing will emerge as an
effective platform for developing sustainable products from
sustainable processes and with related system integration.
Examples of constituting innovative aspects in sustainable
manufacturing are shown in Figure 3 for each component of
innovation. The innovation must enable developing an
integrated sustainable value system for sustainable
manufacturing with numerous value-contributing factors:
value propositions such as technological value, socio-
economic  value, socio-political value, and socio-
environmental value, etc., can be derived from this integrated
system.

Innovative Elements of Sustainable
Manufacturing

Sustainable materials for products
Advanced product design

Effective product
disassembly/recovery

* Design for reuse & remanufacturing
Modular and reconfigurable design
Design for improved performance

Product
Innovation

Sustainable processes
Advanced process technologies
Integrated processes

Improved process performance

Sustainable systems
Enterprise level system integration
Supply chain integration

System
Innovation

Figure 3: Examples of innovative aspects in sustainable
manufacturing at product, process and system levels.

3.2 Sustainability Issues at the Product and Process
Levels

Since there are multiple streams of energy, material and
waste/emission involved at different stages over a product’s
life, the necessity of considering the total life-cycle in order to
evaluate a product’s sustainability score for comparison
between different designs, or between different production
strategies, is well recognized. Graedel [19] presented an
extensive study of streamlined life-cycle analysis (SLCA)
methods in a pioneering textbook covering various
methodologies, including matrix approaches using target
plots, and considering five major product life-cycle stages:
pre-manufacture; manufacture; product delivery; use; and
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recycling. Subsequently, the product delivery, including
transportation, was considered as only one among several
delivery activities involved in all stages of the product’s life-
cycle, hence the simplified total life-cycle of a product was
assumed to consist of four key stages — pre-manufacturing,
manufacturing, use and post-use [2]. To achieve multiple
product life-cycles with the goal of near-perpetual
product/material life, design and manufacturing practices for
next-generation products must consider these product life-
cycle stages using a more innovative 6R approach, and then
build a comprehensive systems model to cover products,
processes and systems to enable value creation through
innovation at all levels.

Product sustainability: Several researchers have
considered the environmental performance and the
associated economic and societal effects of products, largely
intuitively, and offering limited quantitative descriptions. Thus,
these analyses mostly remain non-analytical and less
scientific in terms of the need for quantitative modeling of
product sustainability. Moreover, the partial treatment and
acceptance of the apparent effects of several sustainability-
contributing measures in relatively simplistic environmental,
economic and societal impact categories has virtually masked
the influence of other contributing factors such as product’s
functionality, manufacturability, reusability with multiple life-
cycles, etc. Consideration of a total and comprehensive
evaluation of product sustainability can lead to reduced
consumer costs over the entire life-cycle of the product, while
the initial product cost could be slightly higher in some cases.
This benefit is compounded when a multiple life-cycle
approach is adopted on the basis of continuous material flow.
The overall economic benefits and the technological
advances involving greater functionality and sustained quality
enhancement are far too great to outscore with the current
practice. The technological and societal impacts are also
significant.

Recent research on product sustainability evaluation shows a
consistent trend towards the long-range development of a
product sustainability rating system for all manufactured
products. This rating would be expected to represent the
“level of sustainability” built in a product by taking into
account all major contributing sustainability elements and
their sub-elements. Early work shows the following six
product sustainability elements [2]:

(a) Environmental Impact

(b) Societal Impact (Safety, Health, Ethics, etc.)
(c) Functionality

(d) Resource Utilization and Economy

(e) Manufacturability

(f) Product’s Recyclability/Remanufacturability

These interacting elements and sub-elements need to be fully
studied for their effects on product sustainability. Other
influencing elements and sub-elements will be identified as
appropriate. This systematic study should provide a solid
foundation for involving relevant “priority roles” and “trade-
offs”, when this project is extended to the next level. Our
preliminary work in this area also considered ratings at all
three levels (sub-element, element and overall).

Process sustainability: The primary objective of identifying
and defining the various contributing elements and sub-
elements of manufacturing process sustainability is to
establish a unified, standard scientific methodology to

evaluate the degree of sustainability of a given manufacturing
process. This evaluation can be performed irrespective of
product life-cycle issues, recycling, remanufacturability, etc.,
of the manufactured product. Manufacturing processes are
numerous, and depending on the product being
manufactured, method of manufacture, and their key
characteristics, these processes differ very widely. This
makes the identification of the factors/elements involved in
process sustainability and the demarcation of their
boundaries complex. For example, if the production process
of a simple component is considered, it goes through a few
clearly defined production stages; component design,
tool/work material selection, metal removal/forming, finishing,
packaging, transporting, storage, dispatching, etc.

It is extremely difficult to consider all of these stages in
evaluating manufacturing process sustainability though they
either directly or indirectly can contribute to the manufacturing
process sustainability. Also, the processing cost largely
depends on the method used to produce the part/component
and the work material selected. In a never-ending effort to
minimize the manufacturing costs, the industrial organizations
are struggling to maintain the product quality, operator’s and
machine safety, and power consumption. If the processing
includes the use of coolants, lubricants, emission of toxic
materials or harmful chemicals, this poses environmental,
safety and personnel health problems. In general, among the
various factors, the following six factors can be regarded as
significant to make a manufacturing process sustainable:

(a) Energy consumption
(b) Manufacturing cost
(c) Environmental impact
(d) Operational safety
(e) Personnel health

(f) Waste reduction

The motivation for recent sustainability studies of
manufacturing processes comes from recent efforts in
developing a manufacturing process sustainability index. The
idea in developing this concept is to isolate the manufacturing
process from the global picture of sustainability, and to
develop it up to the “level of acceptance” for common practice
in industry. The observations and the existing modeling
capabilities can be used to model the impact of the
manufacturing process on contributing major sustainability
parameters. Models developed for manufacturing variables
can be integrated for achieving optimized performance.
Finally, the optimized results can be used in defining the
sustainability rating for the specific manufacturing process
with appropriate weighing factors.

3.3 Sustainable Products from Sustainable Processes

As efforts continue to develop sustainable products and
sustainable manufacturing processes, a recent trend
observed is to develop sustainable products from sustainable
processes, thus enabling, potentially, doubling environmental,
economic and societal values of product manufacture. Case
studies involving the use of sustainable machining methods
such as dry, cryogenic and minimum quantity lubrication
(MQL) machining have been shown for producing functionally
superior machined products with significantly improved
product sustainability, in terms of performance, quality and
life [20]. Figure 5 shows a schematic of activities involved in
producing sustainable products from sustainable processes.
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Figure 5: Proposed methodology for producing sustainable
products from sustainable processes (Adapted from [20]).

3.4 Sustainability Issues at the Systems Level

The transformation of raw materials into more sustainable
products through sustainable manufacturing processes
requires careful coordination of various activities across and
within the organizations that span the closed-loop supply
chain. Historically, these supply chains have been designed
and managed as open-loop systems aimed at coordinating
the activities of independently managed organizations with
the main emphasis being on maximizing profit [1]. From a
systems perspective, developments in socio-technical
systems theory [21] helped understand that manufacturing
systems and support organizations are in effect technical
systems embedded within social systems whose interactive
complexities must be understood to manage these entities to
achieve the desired performance.

However, for sustainability improvement, manufacturing
system and supply chain design and operation must not only
consider the behavior of the socio-technical system, but also
integrate complexities of the interactions between the socio-
technical systems and the natural environmental environment
to minimize the unintended consequences. Also, systems are
adaptive, and emergent entities [22] characterized by various
feedback and reinforcing loops without a proper
understanding of which can lead to catastrophic behaviors of
these systems given the complex contexts in which they
operate. Thus, sustainable manufacturing systems and
supply chains must be designed and managed as integrated
socio-techno-environmental systems from a total life-cycle
perspective by considering the interfaces and interactions
among the different sub-systems. Also, given the intractable
nature of systems for sustainability, the ability to think and
communicate systematically, or systems thinking, becomes
an important capability that must be developed to increase
the capability to design and manage such systems [21].

Given the above context, the design practices for sustainable
manufacturing system and supply chain design must consider
a variety of interactions between the methods and technical
models, all the stakeholders who have an influence on the
system or can be influenced by the system as well as the
complex dependencies between these aspects and the
natural environment. Evaluating the system performance from
these aspects therefore will require comprehensive
sustainability metrics at the plant, enterprise and supply chain

Innovation in sustainable manufacturing education

levels; the adaptive and emergent behavior of the system
designed with all other interactive systems, must be assessed
through predictive models. The design protocol for designing
such sustainable systems is shown in Figure 6.

Recent advances in sustainable supply chain design that
follows some aspects of the approach shown in Figure 7 have
addressed coordinating the design of sustainable products
and systems by considering the social, economic and
environmental implications of a variety of stakeholders; the
time-variant, adaptive behavior of supply chains and
implications on sustainability performance is also considered
[24], [25]. Developing tools such as sustainable value stream
mapping (Sus-VSM) to assess the socio-techno-
environmental aspects at the manufacturing systems level
have also been presented [26]. The modeling risks due to
negative and unintended influences of economic,
environmental and social implications from and on other inter-
dependent systems (Figure 6) through probabilistic Bayesian
Belief Networks can provide methods to develop
mitigations/interventions to  improve sustainability of
manufacturing systems and supply chains [27].

System Definition
(Function and

Boundary)
— — — — P Identification of System Requirements
v v v
Identify related Determine economic, Identify

stakeholders and
potential impacts

[

[

[

[

| SRS .and environmental and social
| interaction metrics for system
|

[

[

[

between systems evaluation

\_V Predictive System Modeling

and Evaluation
for Sustainability Performance
through Scenario Building

A

v v
Strategies to avoid
negative impacts on
stakeholders

Interventions to
mitigate risks to/ Propose System
from related Design
systems

Figure 6: Protocol for Sustainable System Design
(adapted from [23])

4 INNOVATIVE EDUCATIONAL PROGRAMS FOR
SUSTAINABLE MANUFACTURING

Significant innovative content involved in sustainable
manufacturing makes the education and training programs for
next generation engineers and scientists challenging, and this
should lead to new motivations for embarking on excellence
in education and training programs. The International
Framework for Action in Education developed following the
initial discussions at the Rio Earth Summit in 1992, and
further refined during subsequent gatherings, reiterates that,
education must no longer be seen as an end, but the means
to generate sustainable value. The need to disseminate
knowledge skills and know-how to enable sustainable

13



I.S. Jawahir, F. Badurdeen and K.E. Rouch

manufacturing as well as more sustainable consumption
patterns are identified as one of the core-requirements for
reorienting educational needs not only in developing
countries, but also in developed regions of the world [29].

The new curriculum in sustainable manufacturing must be
based on the strength of partnership among the three major
participants: university, industry and state and federal
organizations (Figure 8). The societal and environmental
benefits, along with the economic gains, are achievable with
this strategic partnership, which brings in education and
training as the major linkage for these three units as shown in
Figure 8. Traditional educational programs are generally
evolved around the need for educating engineers and
scientists the basic knowledge on physical and natural
sciences, engineering materials, product design engineering
and manufacturing sciences. These disciplines are taught in
isolation and with no significant exposure to real world
applications including social and human sciences.

The new curriculum will focus on multi-disciplinary,
interconnected and environmentally and societally-relevant
subjects knitted together to form the fabric of “sustainable
manufacturing”. Significant emphasis will be placed on
developing new teaching and learning modules covering
environment, economy and society, along with a thorough
understanding of the natural cyclic systems representing the
bio-complexity and reusable material bases including
recyclability of materials. Design for sustainability principles
will be taught to cover all relevant elements of practical
sustainability focusing on the 6Rs (reduce, reuse, recycle,
recover, redesign and remanufacture), and near-perpetual
material flow from the closed loop approach involving four
product life-cycle stages: pre-manufacturing, manufacturing,
use and post-use. Also, the significance of marketing,
innovation, management, ethics, regulations, policies, etc.,
will be covered in this proposed approach to provide a much
broader knowledge base for next generation engineers and
scientists who will learn science-based principles
sustainability and will apply them to manufacturing. Also,
manufacturing engineering science courses will include
material on process performance enhancement, sustained
quality, improved health and safety along with knowledge on
cleaner manufacturing processes. The progression of
cumulative learning at undergraduate and graduate levels
extending up to PhD was shown in our prior work [17].

University

Education
and
Training

State and
Federal
Organizations

Industry

Figure 8: Integral role of university, industry and state and
federal organizations in education and training
(Adapted from [20]).

The proposed education and training program in sustainable
manufacturing is an extended program beyond the traditional
degree programs shown above. Identified five basic elements
of this curriculum structure are: (a) new formal degree
program based on instruction, lab work and projects at
undergraduate and graduate levels, (b) a multi-disciplinary
certificate program to provide a broader perspective on
sustainability for engineers working in industry, (c) industry-
relevant short courses, (d) professional/continuing
educational programs, and (e) web-based online programs.

4.1 General background on strategic educational needs

Traditional product design and manufacturing methods are
based on a range of product characteristics such as
functionality, performance, cost, time-to-market, etc. Product
design and manufacture in the 21st century will require a
greater integration of life-cycle, sustainable product/process
designs and their implementation in the manufacture of
engineered products. This will apply to both consumer
products in high volumes and small varieties and highly
customized products in low volumes and large varieties. In
particular, the design and manufacturing practices for next-
generation products need to undergo major changes to
include concerns that span the entirety of the traditional life-
cycle, and ultimately from the perspective of multiple life-
cycles/multi-uses involving perpetual material flow. Novel
design methodologies, innovative manufacturing techniques,
and effective tools must be developed to simultaneously
address the total life-cycle issues including:

Reduction of manufacturing costs

Reduction of product development time
Reduction of material use

Reduction of energy consumption

Reduction of industrial wastes

Repair, reuse, recovery and recycling of used
products/materials

. Environmental and societal concerns

This paradigm shift in product design and manufacture
requires optimized methods incorporating environmentally
conscious, energy-efficient, lean manufacturing methods with
product maintenance, disassembly, material recovery, re-use,
re-manufacturing and recycling considerations. It promotes a
systems thinking in the design of new products and
processes and calls for attention to the interests of all
stakeholders. It requires devising new design methodologies,
manufacturing processes, post-use processes, and enterprise
resource planning in order to simultaneously achieve the
multiple objectives of improving a company’s profitability,
bringing new products to market rapidly, conserving natural
resources, while managing environmental concerns.

To enable sustainable products using sustainable processes,
new capabilities to model and analyze complex interactions
between various sub-systems at manufacturing system and
supply chain level are required. Understanding and solving
complex problems caused by the interactions between
different aspects and stakeholders of the system to create
sustainable value will require more intense cooperation
between the various scientific disciplines as well as between
the pure and social sciences [28]. This requires careful
planning and a systematic development of new curriculum for
implementation at all levels, beginning from high schools
through to undergraduate and graduate programs. The
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following sections deal with topics that would make significant
contributions to the proposed new educational programs.

4.2 Undergraduate education

One of the major concerns with undergraduate education is
the increased compartmentalization of disciplines, which in
the end produces graduates who are unable to view problems
from any perspective other than taught in their own
disciplines. All sustainability problems, including those in
sustainable  manufacturing involve complex issues,
particularly at the systems level, that cannot be addressed by
looking through the lens of one single discipline. Future
engineers, scientists and managers must be taught skills and
capabilities to view complex sustainability problems from
different perspectives to enable robust solutions that are
resilient to different externalities that may be encountered.
However, the traditional model for undergraduate education
in engineering and manufacturing has been highly discipline-
specific, not providing the broad and well-rounded education
needed to address sustainable manufacturing problems.

A recent unique effort in this area is an innovative team
taught cross-disciplinary course for undergraduate students
intended to transform science, technology, engineering and
mathematics (STEM) education [29]. The course taught at the
University of Kentucky brings together students and faculty
from four different colleges—Engineering, Design &
Architecture, Education and Business/Economics. In this
course, titled ‘Systems Thinking for Sustainability, students
are trained to address sustainability issues from a systems
thinking perspective by using problem-based learning. From a
teaching perspective, challenges identified through this
experience will be relevant when transformative reforms to
undergraduate sustainable manufacturing education are
being planned.

4.3 Graduate education

For the most part, graduate education in sustainability studies
has so far been limited to a focus on environmental
technologies and business/management/leadership activities
and programs mostly driven by popularity. Public awareness
of the environmental effects of industrial production has
largely been centered around programs that deliver courses
aimed at assessing and managing the environmental impacts
such as pollution studies, toxicity, public health and safety,
waste minimization, emission studies, coolant reduction,
restriction of the use of chemicals, product and process
quality studies, reliability, monitoring and maintenance of
machinery and equipment, etc. Sustainable manufacturing
education at the graduate level must have a much broader
emphasis not just limited to environmental aspects but
integrating social aspects and covering product, process and
system to advanced capabilities to model, evaluate and
analyze these three elements to advance sustainability.

4.4 Professional development and continuing
education/training

Industry-based practicing engineers and professionals seek
to pursue continuing educational programs in an effort to
update their knowledge with recent advances and future
developments. Short courses, workshops and professional
development programs on dedicated topics organized and
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delivered by academic institutions, professional societies and
other consulting groups help to achieve targets for such
professionals, often with full sponsorship by their employers.
Also, signature conference series sometimes offer such
programs as add-on components. A range of topics covered
by such programs focusing on sustainable manufacturing has
in recent times been elevated to be among the most popular
programs as the employers continue to recognize the
economic impact of implementing sustainable manufacturing
for their products and processes.

4.5 Other educational needs

As pointed out by many, ‘basic education provides the
foundation for all future education and learning’ [28]. Thus, to
derive effective outcomes from the transformational reforms
to undergraduate, graduate and professional education for
sustainable manufacturing in the long run, the ‘seeds’ of
knowledge and the value system to appreciate the
importance of sustainability in general, as well as sustainable
production and also the importance of more responsible
behavior and sustainable consumption, must be developed at
an early age [28]. As such, educational reforms to increase
innovative capabilities through sustainable manufacturing
must begin even earlier, possibly at the pre-kindergarten level
and continue through K through 12 levels; such a broad
approach will help transform the mental models of the future
workforce to effectively participate in shaping a sustainable
future through sustainable value creation.

5 CONCLUSIONS

Innovative sustainable manufacturing can become the engine
for sustainable growth by not only promoting economic
growth, but also enabling social well-being and
environmentally conscious practices. Creating value through
sustainable manufacturing will require innovation at the
product, process and systems levels across the total life-cycle
and through multiple life-cycles. The complex challenges that
must be balanced when promoting sustainable manufacturing
at these different levels will necessitate the future generation
of engineers, scientists and managers who have the required
education and training to address these challenges for
sustainable value creation. While important strides have been
made in reviving the educational curricula to meet some of
these needs, there are still significant reforms necessary to
develop multi-disciplinary and cross-cutting educational
programs that will also transcend the traditional boundaries
between disciplines. New models for sustainable
manufacturing education must aim to change the mindsets of
future generations beginning at an early age then fostered
through formal education at undergraduate, graduate and
professional levels. Further, with an increasingly web-savvy
future generation, there is also a need to extend the
dissemination of such educational programs through new
mechanisms such as on-line degree programs.
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Abstract

The UAE, similar to other countries in the Middle East, is embarking on an ambitious journey to transform its
economy from one based on natural resources to a diversified one based on knowledge and innovation. The
transformation will rely on expanding and developing new sectors as engines for economic growth.
Manufacturing and Sustainability will play an important part in this transformation. In this talk, an overview of
UAE’s vision will be presented with a focus on the manufacturing sector. Additionally, the government has
established Masdar Institute as a graduate level, research driven university focused on sustainable
technologies. An overview of educational and research activities relevant to sustainable manufacturing will be
presented.
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Abstract

With the continuous depletion of natural resources along with the incremental increase in world population, the
need for effective and economic use of renewable resources becomes significant. Innovative solutions for
sustainable manufacturing should be initiated to cope with the challenges of economic competitiveness,
environmental and social stability. Collaborative Research Centre “Sustainable Manufacturing — Shaping Global
Value Creation” (CRC 1026) intends to demonstrate how sustainable manufacturing is embedded in global
value creation. Products, processes, equipment, organization and humans together as configurable factors
constitute creating modules. Modules to be shaped by innovative technology are valuated according to
economic, environmental and social criteria of sustainability. Vertical and horizontal integration driven by
cooperation and competition leads to value creating modules connected in dynamic networking. Manufacturing
and logistics in their fundamental roles for wealth generation considerably shape these networks. First results of
CRC 1026 are presented.
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1.1 Sustainability incubators: A coordinated collaborative approach towards
sustainable manufacturing amongst small and medium-sized enterprises.
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Abstract

Small and medium-sized enterprises constitute a major share of the manufacturing sector in many countries
and are known for their dynamic structure and innovative strength. Despite the potential for sustainability
performance the economic impact of environmental regulations may impede many business ventures.
Business incubators foster entrepreneurship by offering infrastructural facilities and legal support. The central
management of environmental impact reduction and cross-application technologies can in some cases be
profitable. The entrepreneurial framework may initiate progress towards the application of sustainability
principles. Benchmarking as a powerful management tool can induce best practice transfer and the
conceivable collaborations may generate eco-innovations, social and creatively beneficial environments as
well as economic advantages. The induced performance measurement, comparison and exchange of
experiences is directed towards collective sustainability performance.

Keywords:

Business incubators, sustainability, sustainable manufacturing, ecologic innovations, manufacturing networks,

Benchmarking

1 INTRODUCTION

The concept of sustainable development has progressed
from a political discussion towards a formal commercial
performance model and combines the requirements of
politics, society and entrepreneurs as well as economic
share- and stakeholders. While the ecologic perspective of
sustainability is the most formalized research topic within this
model, the social and economic determination factors have
gained importance and scientific attention. The number of
analysis and management tools that attempt to integrate the
principles of sustainability into the daily business operations
has multiplied accordingly. However, the complexity of the
interaction between industrial production and the economic,
social and ecologic environment and the necessary
manageability of such tools stands in sharp contrast. In some
use-cases this may lead to an impaired perception of the
necessary sustainability performance of enterprises. The
sustainability performance aggregates the result of
sustainable management, which is associated with the
measurement and evaluation of performance indicators [1].
The exploitation and usage of natural resources, the
environmental pollution and social impact of industrial
production are very significant determining factors for the
necessity of the individual and collective implementation of
sustainable manufacturing. The manufacturing sectors of
many countries however, are composed of a majority of small
and medium-sized enterprises (SME) and smaller numbers of
large enterprises. These small and medium-sized enterprises
face certain difficulties and restricting factors in regard to the
implementation of sustainable manufacturing concepts. This
paper designs an application-oriented concept towards
sustainable manufacturing amongst small and medium-sized

enterprises coordinated and collaborative

approach.

through a

2 THE CONCEPT OF SUSTAINABLE MANUFACTURING

In order to develop the coordinated collaborative approach
towards sustainable manufacturing amongst small and
medium-sized enterprises, the following will provide a short
overview of the main underlying concepts of sustainable
manufacturing. In addition, the determination factors of
manufacturing enterprises and the particularities of small and
medium-sized enterprises are outlined to denote the
application-oriented theme of the concept.

2.1 Sustainability of manufacturing activities

The determination and progression of sustainability
performance in manufacturing enterprises has been the focal
point of many recent publications and scientific events. The
fundamental idea of the substantial potential contribution to
sustainable development by the manufacturing sectors [2] is
adapted as the basis of the further elaboration. The main
understanding of sustainable manufacturing is based on the
transmission of the triangle of tension of sustainability to
manufacturing activities, wherein the three perspectives
(economic, ecologic and social sustainability) are expanded
by five basic strategies [3]. These strategies simultaneously
complement the model of sustainability and elaborate on the
interdependencies between the perspectives. Figure 1 shows
the triangle of tension with the three perspectives
supplemented by the socio-effectiveness, socio-efficiency,
eco-efficiency, eco-effectiveness, sufficiency and ecologic
justice strategy.
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Figure 1 : Tension triangle of sustainability, modeled after [3]

The expansion of this concept across the borders of the
individual production systems is on the one hand an
imperative, as the sustainability performance of any
enterprise is rendered mute if the subcontractors counteract
the sustainability of the corresponding product. On the other
hand it is seems rather complicated to control the conduct of
other enterprises even if they are part of the immediate value
chain.

Based on the described tension triangle of sustainability, the
determination factors of manufacturing enterprises can be
summarized to a standardized set of cause-effect
relationships. From these, the principles and strategies can
be transformed into directives for sustainable manufacturing,
when taking into account the internal and external
stakeholders. The directives aim at enabling the
implementation of systems and processes that are “non-
polluting, conserving of energy and natural resources,
economically viable, safe and healthful for workers,
communities, and consumers, and socially and creatively
rewarding” [4]. From a systems-theory perspective, cause-
effect relationships are possible within and between the three
perspectives of sustainability. These dependencies and
interactions can have either a positive, negative or neutral
impact on the underlying objective of preserving the
ecological, economic and social environment. Furthermore,
these can be categorized by location, time and reflexivity [5].
Thus, interactions may occur within the considered systems
or across the system boundaries to influence other systems.
Simultaneous or delayed interactions are often difficult to
identify because the simultaneous influence may be
misinterpreted as independent or latent interactions are not
detected. Such interactions may have the characteristic of
being reinforcing, respectively debilitating mechanisms or
actions. The measurement, evaluation of cause-effect
relationships and determination factors and the definition of
activities or actions that specifically deal with these are the
challenge of the operative management of sustainability
performance.

2.2 Particularities of manufacturing SME

Small and medium-sized enterprises evidence certain
particularities in terms of the implementation capabilities of
actions that increase the sustainability performance. As the
competitive situation on the globalized market has tightened,
the financial scope for action has notably decreased for most

enterprises. As activities that actively deal with determination
factors of manufacturing enterprises are associated with
additional costs for the enterprises, the demonstration of the
direct benefit of these activities is of high significance in this
context. While economic impact is the most direct to be
measured, it is the performance of enterprises directed
towards the improvement of the environmental and social
impact that is of interest to the public and regulating
authorities. The aforementioned problematic cross-enterprise
responsibility is underlined when considering the economic
influence of a single small or medium sized enterprise. The
supplier-consumer relationship in this case does not
necessarily allow an extensive requirements profile, as the
quantities of economic transaction of individual SME fall into
insignificance to some suppliers.

2.3 Concernment of enterprises

It has been argued, that the concernment of small and
medium-sized enterprises in regard to legal requirements is
likely to be much lower than that of large enterprises [6]. This
argument is based on the limited capacity of regulation
authorities, which prevents the thorough enforcement of
regulations in all enterprises of the corresponding domain.
Meanwhile, the imposed regulations are mostly concerned
with or complied with downstream or additive technologies
that reduce environmental or social impact. Therefore, the
influence of regulations and legal requirements is not likely a
driver for a holistic progression of sustainable manufacturing.

While large enterprises are in fact faced with an arguably
higher concernment in terms of environmental, social or
economic requirements and regulations, they are additionally
exposed to the public on a much larger scale. This implicates
further requirements by stakeholders and the public as
sustainability has also transformed to a rather publicity
effective topic in the positive but also negative sense.

2.4 Towards sustainable manufacturing

The limited concernment of small and medium-sized
enterprises and the restricted exposure to the public are
factors that may hinder the active increase of the individual
sustainability performance. Furthermore, the limited scope for
actions of SME may be misinterpreted as an inability to act,
which would neglect the principle concept of sustainability to
preserve the operability of the own enterprise as part of the
intra- and inter-generational responsibility and fairness.

It is the private organizations’ responsibility to shape the
future actively and incorporate sustainability not only as a
concept but as an imperative policy to their operation. This
directly induces the disentanglement from sustainable
development barriers as for example the concernment of
enterprises in terms of regulations and the exposure to the
public. The progression of this development needs to be
actively driven by the private sector enterprises as potential
and resources to foster sustainable development are
anchored within these structures.

Sustainable manufacturing can also be interpreted as an
opportunity rather than a challenge. The integration of one’s
own enterprise to the a new market that demands sustainable
products and codes of conduct may be a potential source of
new or increased sources of revenue adding to the possible
savings of increased efficiency [7]. Further opportunities of
sustainable manufacturing can be categorized by the involved
stakeholders and the three perspectives of sustainability [1].
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This brings the responsibility of the individual enterprise to
the focus of attention, as a possible misconduct is assumed.

3 COLLABORATIVE SUSTAINABILITY

The collaboration of small and medium-sized enterprises can
be considered separately with regard to the collaboration
within networks and along value chains. The collaboration of
SME in networks, as those being discussed within this
concept, is likely to develop if the participating enterprises
benefit from such activities. The collaboration along value
chains in terms of sustainable manufacturing may be
requirement-driven, as the responsibility of enterprises is not
limited to the individual organizational unit but extends across
the downstream value-chain.

3.1 Sustainable manufacturing in SME networks

The collaboration of enterprises in networks that are not
necessarily bound in the compound structure of a purchaser-
supplier relationship (see 3.2) is increasingly becoming the
basis for innovation and lasting business success. The
management of sustainability performance is herein a
substantial part of the cross-company cooperation strategies
that tend to form due to the increasing competitive challenges
[8]. Enterprises are moreover faced with challenges induced
by changing framework conditions and structures of the
markets. In retrospect the increasing economic pressure due
to increasing competition and product variants, parallel to
decreasing liquidity of enterprises as well as the scarcity of
resources [9] of the past decade has escalated this situation.

Many of the existing management approaches to sustainable
development or specifically sustainable manufacturing
revolve around the ecologic perspective, as the determination
factors are sufficiently described through the technological
processes. The efficiency of these processes and the
reduction of environmental impact are emphasized. However,
these approaches only focus on the individual enterprise,
while the true strength of such activities that increase
efficiency and reduce environmental impact has to be
attributed to the collaboration in networks. Sharing tangible
resources within networks organizations may increase
efficiency and business opportunities for all participants,
since the optimal use of capacities and technological
capabilities is enabled. The collaboration in terms of the
reduction of environmental impact as well as the increase of
technological capabilities is driven by the sharing of tangible
resources. To some extent the collaboration may in fact have
positive effects on more than one perspective of
sustainability. The identification and avoidance of
environmental impact of cross-application technologies has a
significant economic impact to the operation of individual
enterprises. This effect may be exploited on a larger scale in
networks of enterprises relying on the same or similar
technologies.

Intangible assets however, are essential success factors for
enterprises and to some extent determine the effectiveness
of the previously discussed collaboration potential. The
intellectual capital of an organization — categorized into the
human capital, structural capital and relation capital [10],
[11] = in an inter-organizational exchange can be assessed
as an alternative reason for the formation of enterprise
networks [12]. While the concept of inter-organizational
collaboration regarding intellectual capital is relatively new
[13], some efforts have been taken to incorporate

sized enterprises

sustainability into knowledge management systems [14]. The
entire  organizational structure requires sustainability
knowledge in regard to the corresponding processes in order
to implement the sustainability strategies [15].

Based on the model of cooperation (Figure 2) the interfaces
of collaboration could be assessed in regard to the
assessment of social, environmental and economic impact
along with the integration of knowledge management
systems in network organisations.

Demand,
Requirements

Network Partner A
Capacities,
Capabilities,
A
Resources
Exchange
Capacities, \ v
Capabilities,
Resources
Network Partner B

Demand,
Requirements

Figure 2: Basic Model of Cooperation, modeled after [16]

3.2 Sustainable manufacturing along value-chains

The labor division among SME along value-chains, which
may be induced by the specialization on core competencies
and therefore the decrease of depth of the value added of the
individual enterprise, presents a special form of network
collaboration. The basic collaboration is manifested in the
transmission of requirements in terms of technical
specifications within the manufacturing process (Figure 3).

Stage A Stage B Stage C

‘ Requirements . |

. Demand . |
\ | ‘ Value Chain ‘

Figure 3: Collaboration along value-chains.

The technical requirements and production quantities are
specified in the respective subsequent stage of production —
in a single stage model of value-chains this is represented by
the industrial consumer. If the principle of responsibility
beyond the individual enterprise boundaries is adopted, these
requirements can also include parts of the sustainability
objectives of the subsequent enterprises. However, an
insignificant economic influence may limit this influence if not
considered on a broader scale. If a critical mass of
enterprises adopts the requirements that go beyond technical
specifications and integrate sustainability principles to the
selection of suppliers, the demand-driven sustainability
performance of suppliers may increase.
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4 COORDINATING SUSTAINABLE MANUFACTURING

Business incubators and technology or innovation parks have
proven to be a nurturing environment for enterprises of
similar industry affiliations and especially equal or similar
value-chains.  Specifically small and medium-sized
enterprises may benefit from the infrastructure and
organizational services offered by such entities. One
particular concept of a business incubator is to support the
affiliated enterprises by offering adapted and favorable
framework conditions. The following chapters will incorporate
the sustainability perspectives and strategies into the
coordination of enterprises within an assumed network
independently of the cause of its development.

4.1 Business incubators as the coordinating pioneer

The coordinating functions of the business incubators are
herein focused on enabling the discussed collaborative
sustainability as well as individual sustainability performance
of the affiliated enterprises. Therefore, the business
incubators may act as a coordinating pioneer, as the
enterprises are supported in adapting sustainable
manufacturing and are encouraged through possible good
practices by other enterprises in this environment. Provided
that the sustainability performance is measurable and
existent in the individual enterprises, the business incubator
may in fact impose own regulations and specifications that
specify requirements for the performance of the enterprises.
Thereby, the business incubator further enhances the
sustainability performance of the enterprises, which may in
turn lead to a certain added value for the enterprises through
reputation.

4.2 Central management for sustainability performance

The operational objective of a sustainability incubator is to
provide the enterprises with the framework that enables the
increase of sustainability performance. The organizational
structure of business incubators allows the central
management of determination factors, which can improve the
efficiency of the processes involved by utilizing scale effects.
These management support services need to be regarded as
optional as the provision is associated with costs that have to
be re-distributed to the enterprises. However, the framework
of such a business incubator and the enterprises within are
construed on the assumption that the centralized support will
be accepted.

The framework that is to be provided applies to the entire
production system (Figure 4). The provision of factory and
office space at favorable conditions is the initial service
provided in this regard, as the ramp-up phase of
manufacturing SME relies on the operability of the production
system. On the input side of this system the enterprises may
benefit of a centralized purchasing unit. Thus, parts of the
relational capital of the enterprises are combined to a network
resource. Further beneficial framework conditions may be
provided through a sustainability intelligence system that
serves as an adapted knowledge management system.

Knowledge,
Information

‘Raw material

Services

Production-

Products
Processes

Auxillary an
operating

[
pe

Equipment By-Products

materials

Figure 4 : Production-System modeled after [17]

Information on codes of conduct and regulations regarding
the ecological and social environment can be gathered and
provided, whereas the insights to technological design
options of manufacturing processes can only be provided if
the participating enterprises share this knowledge with their
peers. Assuming that the willingness to share information is
provided, the enterprises may form innovative networks,
where the provided information is utilized to generate new
solutions for the avoidance or reduction of environmental or
social impact. The dissemination of the generated knowledge
within the network is provided through the knowledge
management system and may be further spread beyond the
boundaries of this system, provided that it is not an essential
competitive advantage.

The coordination of the cross-enterprise utilization of
infrastructure and equipment may on the one hand enable
enterprises to expand their production and create further
added value. On the other hand, the enterprise that is
allowing the utilization of its own equipment can benefit from
an increased load factor. The network as a whole is thereby
increasing its efficiency, simply by sharing and utilizing un-
used equipment-time. Thus, the single production systems’
boundaries are partly dissolved and a network production
system is formed, which utilizes network resources in terms
of technological equipment as well as sharable resources in
terms of the intellectual capital (Figure 5).

Network Resources Network Structure

= Infrastructure

= Equipment

= Human Capital

= Structural Capital
= Relational Capital

Customer
Value

Figure 5 : Network production system.

Downstream and additive technologies to reduce
environmental impact can be shared in order to increase the
effectiveness and efficiency of these systems. For instance
the centralized waste heat utilization, waste water and
exhaust treatment may induce monetary savings through
scale effects and increase the effectiveness of these
technologies.
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4.3 Monitoring and management of sustainability
performance

The following gives an evaluation of approaches to the
monitoring and subsequent management of the sustainability
performance of the sustainability incubator with regard to the
structure and peculiarities of the enclosed enterprises.

The monitoring — and reporting — of the sustainability
performance could follow established systematic approaches
such as the reporting guidelines of the Global Reporting
Initiative (GRI). However the incremental reporting in
accordance with the GRI framework, as a baseline approach
for reporting enterprises [18] may account for an
inhomogeneous reporting of the incubator — due to the
particularities and differences in maturity of the enterprises.
Thus, the centralized management of the sustainability
performance would only create a distorted snapshot of
individual Key Performance indicators.

Considering the intended purpose of an incubator it is herein
proposed to develop a predefined set of target domains in
which the enterprises define individual qualitative targets and
measure qualitative achievement values. In accordance to
the tension triangle of sustainability (Figure 1) the following
systematic describes an approach to the definition of
individual strategic targets within a common structure. The
overall performance of the sustainability incubator, as the
sum of individual performances is apriori limited by the data
collection of the individual enterprises. However, the
coordinated definition of targets within the predefined
domains may on the one hand create a common reporting
framework within the hemisphere of the sustainability
incubator. On the other hand it may well be beneficial to the
individual enterprise as it induces the process of defining
targets that have beneficial effects in all perspectives.

If the sustainability performance monitoring is construed in a
consistent, uni-directoinal manner — either burden-oriented or
reduction-oriented — and consist of homogeneous target
dimensions then the comparison of the individual
sustainability performance against that of the business
incubator as a virtual organization allows the identification of
performance gaps.

Figure 6 shows a generic model of an intra-network
comparison of sustainability performance in accordance with
the tension triangle of sustainability.

Social
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Figure 6: Target Dimensions and Values of an Individual
enterprise within the Incubator Framework

sized enterprises

The thereby created monitoring of qualitative target
achievement in combination with the coordinating function
creates the possibility of intervention or control of
improvement and incorporates a network or Incubator
governance, with self-imposed targets.

4.4 Benchmarking sustainability performance

As discussed the systematic management of sustainability
performance is an essential aspect of the operability and
implementation  of  sustainability  strategies  within
manufacturing enterprises. A significant problematic aspect
of sustainability performance of manufacturing enterprises - if
considered detached from legal regulations or requirements -
is the definition of the necessary level of sustainability
performance. If a development process is assumed that will
shape the informal requirements of the concept of
sustainable manufacturing, a basis for the improvement of
sustainability performance needs to be defined. Differentiated
Benchmarking-applications for the activities of the individual
organizational structure levels provide management tools to
integrate the directives and strategies to the different
management levels of the enterprises [19]. Yet the operation
of the individual enterprise is significantly responsible for the
level of sustainability performance. The classical approach of
identifying potentials for improvement across the enterprises
structure [20] may be transformed into a continuous process
to increase sustainability performance.

A fundamental yet challenging approach to define a basis for
the measurement and comparison on the operational level is
to develop reference values of certain key performance
indicators. The comparison of the individual enterprises in
regard to these reference values immediately gives an
estimate of the potential surplus or deficit of sustainability
performance. The Benchmarkindex™ as described in its
sustainable procedure may enable manufacturing SME to
improve their economic performance and simultaneously
measure and compare innovative key performance indicators
that allow statements on the ecologic and social performance
[21]. At the same time the described discrepancy between
the actual and aspired level of sustainability performance
may be solved.

5 CONCLUSION AND OUTLOOK

Combining the strength of small and medium-sized
enterprises to operate and innovate in networks and the
guidance of a sustainability incubator is an application-
oriented solution to the described mission to progress the
sustainable development from the private sector. The
beneficial framework conditions for the enterprise network
and the direction predetermined by the objective of the
sustainability incubator are an initial step towards this
imperative. Supporting the small and medium-sized
enterprises of the manufacturing sector is an essential
economic policy to underline the sustainable development of
almost any economy. The provision of education,
employment and economic added value are substantial
contributions of these enterprises.

The knowledge of the enterprises and thereby the capabilities
of the personnel within the network are utilized to create
services and products in an effective and efficient way
enabling the increase of sustainability performance of the
individual enterprises. The strong and innovative network that
is coordinated by the sustainability incubator benefits of the
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systematic management of the success factors and their
utilization and gains potential to increase its innovation
activities in regard to environmental and social determination
factors.

The division corporate management of the Fraunhofer
Institute for Production Systems and Design Technology
(IPK) has gathered experience in both the provision of
knowledge management solutions as well as the research
regarding knowledge management in networks to increase
sustainability. Furthermore the development of new
methodologies for the measurement and evaluation of the
sustainability performance of SME is an essential aspect of
its research and development activities [22]. As part of the
future research, a case study with a network of collaborating
SMEs is intended that utilizes the learning about small scale
enterprises and incubators, the strategic and implementation
planning of science and technology parks as well as the
comprehensive understanding of national innovation systems
[23].
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Abstract

The case of ILVA steel works in Taranto, ltaly demonstrates the potential impacts associated with failing
toadequately consider environmental and social sustainability issues within the business model of the firm. This
paper provides a review of the situation at ILVA today; the decisions and actions that contributed to the current
situation since privatisation of the firm in 1995; and the choices now facing government, the local community,
and the firm’s owners going forward including a review of Best Available Techniques (BATs). The review is
supported with relevant sustainability literature and explores how a more comprehensive assessment of
sustainability considerations might be better integrated into business model evolution. The paper demonstrates
that an inappropriate technology investment strategy that fails to consider broader concepts of value for the
society and environment does not pay in the long-term, and that expectations of government support to mitigate
negative impacts of business are becoming increasingly untenable.

Keywords:

Best Available Techniques; Business Model Innovation; Steel industry;Sustainable Manufacturing

1 INTRODUCTION

ILVA Taranto, ltaly’s leading steel producer made headline
news across the world after being sequestered on the 26" of
July 2012 by Taranto’s regional PHJ(Preliminary Hearing
Judge). ILVA was accused of creating an unprecedented
environmental disaster; due to this, the PHJwanted ILVA to
shut down theirblast furnaces and to encloseuncovered
mineral stockpiles. The Judicial review court stated on the 6™
of August 2012 thatthe ILVA disaster over the years
isattributed to constant and repeated polluting activity
perpetrated wilfullyby the owners and managers. In particular,
the ILVA operating practices were such that they produced a
malicious disaster through actions and omissions with a high
potential for destructive outcomes for the environment (and
society).The protracted action to force changes at ILVA
Taranto was notable not just for the environmental violations
and related health issues, but also for the strong counter-
arguments presented by the labour trade union and the local
community for continuing production in order to protect their
employment, and the political activities to find a financing
solution for the necessary improvements. The complexity of
the situation, the economical, environmental and social trade-
offs under discussion and the large set of stakeholders
involved make the ILVA case a particularly interesting
scenario for the discussion of sustainable business models[1].

This paper reviews the current situation at ILVA in terms of
economic, social and environmental impacts, and explores
the options available to ILVA and the Italian Government for
improving/restoring the situation. The aim of this paper is to
suggest that a more comprehensive assessment of
sustainability considerations might be better integrated into
business model evolution in order to avoid complex situations
like the one reported.

The considered industrial case (steel) is of
particularinterestwith respect to the concept of industrial
sustainability [2]. All three TripleBottom Line
(TBL)sustainability dimensions (environmental, social, and
economic)are included,with apparent strong conflict between
each dimension. Technology (afourthdimension from an
industrialperspective) is also included as in this case it is
crucial to determine and influence the first three dimensions.

Asustainability value mapping tool[3]can be used to assess
the various forms of value and conflicting demands of the key
stakeholder groupsas illustrated in Table 1.

The sustainability problem can be categorised as:

e Environmental:Assuming that the current level of
pollution is the cause of health problems and disease in
the region, is it possible to mitigate and fix this issue
through selective and incremental interventions to
improve the health and conditions of workers and
surrounding populationwhile still preserving employment?

e Social:What is the social cost of a potential definitive
closure or liquidation of ILVA Tarantoon the direct/indirect
worker population (approximately 19,000 employees),
and more broadlyon the related plants in other parts of
Italy (Genova and Novi)? How can this be balanced with
long-term health issues in the region?

e Economic:Can ILVA Taranto (Riva Group) afford the
investments necessary to improve and upgrade the
plant(s) in order to reach the required standards as
suggested by BATs and related Reference Documents
(BRefs) [4]? And if not, could the Government supply
resources for these investments by applying several
conditions and constraints to the ownership?

e Technological: are the BATs suggested in the AIA
(integrated  environmental  authorisation)  directive
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[Blissued by the regional government really effective for
the specific case and how is the best way to implement

them?

Table 1: Value mapping analysis
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political system that undermines continuity, and a significant
level of crime and corruption within the country.

Within this context, the subject of this case study is the ILVA
steel production plant in Taranto in the region of Puglia,
Southern Italy (biggest steel production plant in Europe). ILVA
is a joint stock company owned by the Riva Group, which is
mainly based on the production and processing of steel. ILVA
was previously the State-owned company IRI acquired bythe
Riva family in the early 1990’s. The group now consists of 42
plants operating in 8 countries across the world. Based on
2011 data the Riva group is the outright leader in Italy, the 3
largest steel producer in Europe, and the 21% in the world by
production volume.

The steel production process of a plant such as ILVA Taranto,
and the process inputs and outputs including emissions and
potential pollutants at each stageare illustrated in Figure 1.

Steel Production
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2 BACKGROUND TO CASE

Italy is the second largest manufacturing nation in Europe
with major strength in mechanics, machine tools, steel,
chemical-pharmaceutical and rubber-plastics industries, foods
and textile and clothing industry. However, the country is now
in its longest recession in 20 years, and has languished in
more than a decade of almost non-existent growth.
Unemployment is at more than 11%; for under-25s it is more
than 36%. Italy also has the second highest ratio of sovereign
debt to GDP in the EU imposing severe austerity measures
on the nation. Reinvigoration of the industrial sector to
stimulate economic growth and employment is a major focus
of policy makers.

Concerning environmental sustainability Italy is subject to EU
regulations on emissions and pollutions. However, the
judiciary system is slow-moving and sometimes alarmingly
politicisedhence implementation and enforcement of
environmental legislation has often been weak or none-
existent. This is compounded by frequent changes in the
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Liguid steel, alloys C i
degasser,alloy injection

Fume, Hz, CO2z, CO,
Mn, Zn, fluorides,
slag

Liquid steel, alloys

and powders Continuous caster
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oil

Secondary processing

Ty Rl Sox, Nox, scale, oll,
(hot strip mill, etc.)

fume, emulsion

Steel and oils

Finished product

Figure 1: Typical steel production process
(Source: adapted from [4])

The operating equipment and facilities at ILVA Taranto
integrated steel works consist of:

Hot area

o 10 Coke oven batteries

e 2 Agglomeration plants
5 Blast furnaces

e 2 LD steel works (each equipped with 3 converters of
330t. and 350t. respectively)

e 5 Continuous Casting machines (2 strands) for slabs
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Rolling mill

e 2 Hot rolling mills for coils

e 1 Hydrochloric pickling line

e 1 Coupled pickling tandem rolling line

e 1 Electro galvanizing line

e 1 Hot-dip galvanizing line

e 1 Batch annealing line with 54 furnaces and 125 bases
e 2 Tandem skin pass mills Finishing and cutting lines

e 1 Heavy plates (2 stands) quarto reversing mill

Pipe mill

e 1 Longitudinally ERW pipes plant

e 2 Longitudinally SAW pipes plant

e 6 Pipe external coating and internal lining plants

e 1 External coating weighing down with concrete line

From the environmental point of view, the main polluting
elements are PM10 (Particulate Matter smaller than 10
micrometres that are capable of penetrating deep into the
respiratory tract and causing significant health damage),
polycyclic aromatic hydrocarbons (PAHs) in particular the
benzo(a)pyrene,dioxinsand heavy metals that can be
carcinogenic. Stages of the production process that are
considered particularly polluting are the mineral parks
(storage areas for minerals used in steel production), the coke
ovens,blast furnaces, and the agglomeration (sintering) plant.

3 CURRENT SITUATION AT ILVA

3.1 Economic situation

In 2011, Riva Group produced 16 Mt of raw steel, of which,
7.6 Mt of black coils, 4.1 Mt of wire rod, 2.0 Mt of concrete
reinforcing steel (rebar), 1.0 Mt of rolled bars and billets, and
0.8 Mt of quarto plates. This equated to a turnover of about
10B€, with a reported net profit of 327.3 M€. This represented
a return to profitability after poor performance in 2009 with
turnover of 5.822B€(with a reported loss of 547.7 M€), and
2010 with 7.788B€(and a loss of 66.3 M€)[6]. The ILVA
Taranto plant produces 8 Mt of steel annually, and distributes
value of 865 M€ into the Taranto region; this represented
about 75% of Taranto’'s GDP based on the Bank of Italy
reports in 2008.

In the last 15 years the Riva Group has reportedly invested
about 4.4B€ in the steel making plant. ILVA report that 25% of
thishas been for environmental and safety enhancement,
although it is not possible to clearly delineate between these
investments and other forms of plant investment. About half of
the investment on environmental and safety
enhancements(447.3 M€) were reportedly for improvements
to the coke oven, but it seems littlewas invested in the mineral
parks coverage or more effective dust reduction measures;
only recentlyhas ILVA begun to invest in the coverage of the
conveyors.ILVA claim that higher rates of investment on
environmental performance were not financially feasible.
However, despite the reported losses at ILVA Taranto, the
Riva Group had positive profits as discussed above, and the
net asset equity of Riva Group is on an upward trend
(currently around 4 B€), so financing of plant improvements
appears possible, albeit perhaps not desirable to the owners
and investors.

In July 2012, the Taranto judiciary ordered the shutdown of
the plant’'s smelters in an attempt to force the Riva group to
initiate the necessary investments. Facing inaction from ILVA,

in November 2012 the Taranto judiciary took the extreme
action of seizing 800 M€ of finished product in an attempt to
force change. This action was overturned by a government
decree to allow the plant to continue operating to protect jobs,
but the dispute is still on-going.

3.2 Environmental issues

In 2010, ILVA emitted over 4,000t of dust, 11,000t of nitrogen
dioxide, 11,300t of sulphur dioxide, 7.0t of hydrochloric acid,
1.3t of benzene, 150kg of Polycyclic Aromatic Hydrocarbons
(PAH), 52.5g of benzo(a)pyrene, 14.9gof organic compounds,
polychlorinated  dibenzo-p-dioxins and  dibenzofurans
(PCDD/F) and dioxin PCBdI. Levels of PCDD/F and PCBdI
may be traced to specific sintering activities (agglomeration
area) carried out within the plant.

To reduce emissions it is necessary to take measures
forcontainment giving priority to the reduction of emissions of
hazardous substances and metals. At present, ILVAhas
largedeposits of coal,coke and other mineralsadjacent to the
production plantin 30m high stockpiles. These are exposed
tothe weather andparticularly duringdry south-easterly wind
conditions dispersefine dust particles across the city creating
values of PM10 beyond acceptable levels. The only method
currently used for retaining this dust is to humidify the
deposits using trucks that spray water over the stockpiles.
Even though ILVA’s certifications say they respected national
laws and regional values (as measured in 2010), experts
have pointed out that to achieve the emissions targets
introduced in 1999 the humidification system would have
requiredcontinuous automatic control to activate when
conditions demanded. There was no such control, and without
this the emissions cannot be considered compliant.

Emissions from other parts of the production process are
similarly problematic. In accordance with European
Community rules on the environmental performance ofsteel
plant experts have found that: “in most of the production
areas and/or process steps, the amount of the pollutants
emitted are considerably higher than those that would be
emitted in the case of adoption by ILVA of BATs with the
performance as determined by BRefs". Furthermore, experts
have concluded that if BATs were adopted for all phases of
production, and not only discrete parts of the process, this
would be more efficient in reducing pollutants and thus reduce
emission loads from the entire plant. The difference found
between the measured values and those expected from the
application of BAT and those reported in BRef, shows that
there is still a gap between the techniques used in ILVA and
their effectiveness.

3.3 Social issues

Evidencesuggests that the environmental contamination has
in turn created serious health problemsfor the employees and
the wider Taranto community over the past decade[7]. The
current enquiry into the site was launched after a 30% overall
spike in local cancer rates was reported, with liver cancer up
by 75% and upper uterine cancer up by 80%. Analysis of
specific disease data provided by the Ministry of Health
shows that while the cancer ratesfor the average lItalian
population are decreasing and the same phenomenon can be
observed in the Puglia region, in Taranto cancer related
deaths have been increasing.For example, in the period
2001-2008 lung cancer deaths in Taranto have increased by
5%, while the Italian average has decreased by

27



F. Tonelli, S.W. Short, P. Taticchi

10%][8].Incidences of respiratory problems such as asthma
are also reportedly higher in the area, with 90% of all babies
affected.

Pollution also impactson quality of life in the Taranto
community in other ways through contamination of land and
water sourcesand the consequent risk of affecting the food
chain. Residents are advised not to grow crops or raise
livestock in the area (In 2008 roughly 2,000 sheep were
slaughtered after their milk and meat were found to contain
dangerous levels of dioxins). Furthermore,the city mayor has
issued an instruction that children should not play in unpaved
lotsto avoid contact with the omnipresent red and black dust
particles that regularly blanket the city.

Countering the health concerns are the social benefits of
long-term employment. ILVA Taranto employs more than
12,000 direct workers and 7,000 indirect workers, and is
responsible for 75% of the 50Btof traffic handled by the
Taranto port. Moreover the plant feeds ILVA’'sGenova plant
(1,760 workers), Novi plant (just under 1,000 workers),
Racconigi’s plant (200 workers) and other small plants. Due
to the consequences of legal actions on the 26™ of November
2012, the cold area production of the plant was stopped with
an immediate potential layoff for 5,000 employees.
Furthermore, the Puglia regionthat includes Taranto already
suffers from unemployment levels of 25%, andILVA is relied
upon as one of the main opportunities for stable employment.

So Taranto is facing a complex double problem -the
population is worried about serious disease and other health
issues caused by pollution, while at the same time employees
and their dependents, and local suppliers and businesses are
afraid to lose their jobs. Large strikes were organised in the
latter half of 2012 in Taranto and in other cities where ILVA
undertakes secondary processing, and the position of the
workers (supported by the Unions) is to defend their jobs.

4 BEST AVAILABLE TECHNIQUES (BATS)

The technological performance of the ILVA’s plant process
has been analysed in the light of known BATs&BRefs[4], in
order to identify available technologies to tackle each aspect
of the firm’s production processes and emissions.Particular
attention is paid to the following areas: mineral parks (Table
2), coke oven (Table 3), sintering (Table 4), and blast furnace
(Table 5). For each area the tables providethe current
situation and technology employed by ILVA along with
suggested BATSs.

Table 2: Mineral parks BATs analysis

ILVA ILVA PLANNED

INVESTMENTS

Construction of 2.2 km,
21 m high, barrier in High
Density Polyethylene
(HDPE); 20% reduction
of the average inventory;
Increase humidification of
road and materials with
fog cannons;
Implementation of a
monitoring system for
humidification.

GOVERNMENT
REQUEST

To cover all the
mineral parks
(Potential
solution as used
only by Hyundai
in South Korea)

Humidification
of the deposits
through the use
of water
cannon trucks

Table 3: Coke oven BATs analysis

PROCESS ILVA (in
PHASE progress) BAT EU
Coal Secondary de- | Techniques for minimising
preparation |dusting emissions
“Smokeless” Preventingoven charging
Oven . L
charging charging emissions
machine
Stabilise operation;
Coke ovens maintenance;
Coke ovens Sealing of emissions points;
Coking refractory partial |[NOy reduction;
revamping Pressure regulation of ovens;
Improvement and cleaning of
oven doors
Pushing of Fume capturing Techniques for minimising
at coke o
the coke . . emissions
discharging
Coke Conventional Improvgm(.ant of coke wet
uenching |wet quenching quenching;
q Coke dry quenching

Treatment of

Reducing the number of
flanges;
Usinggas-tight pumps;

coke oven |Desulphurisation o L
as Avoiding emissions from
9 pressure valves;
Desulphurisation
Using enclosures;
Coke Secondary de- | 244 ient extraction and de-
handling dusting .
dusting
Table 4: Sintering BATs analysis
PROCESS ILVA (in
PHASE progress) BAT EU
Abatement of dust emissions;
Secondary de- .
Raw - Control of residues
. dusting; " L
materials - characteristics used in sinter
. Control of oil in .
preparation sinter feed feed;
Reduction of VOC emissions
MEEP (Moving Process optimisation;
Electrode .
. Advanced electrostatic
Electrostatic . ]
Precipitator); precipitator,
Sintering . P ’ Bag filter with injection of
Active carbon & >
...~ |active carbon and other
urea injection; additives:
NO.and SO> |2y ction of NO, and SO,
monitoring
Cooling .and Secondary de- |Abatement of dust emissions
processing .
sinter dusting from secondary sources
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Table 5: Blast furnace BATs analysis

PROCESS ILVA (in
PHASE progress) BATEU
Loading Stock-house de- |Minimising stock-house
material dusting emissions
. Venturi Techniques for reducing dust
Reduction .
. __|scrubbers blast |emissions of blast furnace
and smelting
furnace gas gas

Minimising cast-house
emissions;
Fume suppression during hot

Cast-house de-
Casting iron |dusting;

and slag 'I"a'r-free runner metal charging (with Ny);
linings . S
Using tar-free runner linings
Condensation of
Slag fume from slag |Condensation of fume from
treatment  |processing slag processing
(partial)

5 DISCUSSION

While finalizing this paper interventions will start in order to
cover the mineral parks (36 months foreseen) as well as other
plant improvements. Extraordinary government funded job
protection measures will be activated for 6,417 workers of
Taranto’s plant until 2015. The job protection measures will
mitigate the social impact to implement the Integrated
Environmental Authorisation (AIA) even if they will be charged
on collectivist base in an already challengingeconomic
situation for Italy. Solidarity agreements could also be added
in this case impacting on workers salary. Notwithstanding
these measures, the situation within the Taranto plant is still
critical and one head of department has recently been
threatened with death.

The ILVA activity is under examination by technicians sent by
the Minister in the area of environmental protection and
concerning the law 231 of 2012 (see www.ispraambiente.it).
The goal is to enableopen consultation of given
prescriptionsto verify the implementation of the AIA plan. To
this concern, the last report (28" of February 2013) proposed
about 12 months of work to coverthe mineral parks according
to technologiesidentified in the BATs analysis — new fog
cannons and a monitoring system will include safety flares
and six new sensors along the external perimeter of the plant.
Within June 2013, 25 new measurement systems for
emissions will be installed monitoring the following areas:
agglomerate (sintering), coke oven, blast furnace and
steelmaking milling. Concerning the continuous sampling of
dioxin a system has already been installed andmonitoring
protocolare being defined by the environmental agencies.

The coke areas (860 M€ of interventions of the nearly 2B€
estimated), will be improved starting from coke oven
batterynumber 9,and completed within the second half of
2013, while batteries 3, 4, 5 and 6, have already been shut
down and will be rebuilt together with battery 11. For the
agglomerate, purchase orders have been placed for textile
filters (see the BATSs). Also, the blast furnace area will be
improved within 18-24 months. In steel makingfacility 1 the
roof floor will be closed and connected to fumes and dust
aspiration systems, works have already been undertaken for
2 of 3 converters, and completion is expected for June 2013.
Further, ILVA has launched the purchase order for a new

textile filter (3.2 million cubic meters per hour). Finally, the raw
material conveyor belts will be covered (385 belts for 200 km),
90%of which will be covered within 2014.

But what is the cost of so many interventions as requested by
the AIA plan released the 26™ of October 2012? The initial
estimation was around 3B€to 4B€. This is a significant
amount but still far from the original estimation made in the
September judicial review that put the cost close to 10 B€for
upgrade of the hot plant area. Surprisingly, the most recent
estimateundertaken (Siderweb Study Centre) suggests of
cost of approximately 1.5 B€. If confirmed it will remove any
doubt about the economic feasibility of the plan and so
remove the threat of such investments undermining the future
survival of the enterprise. However, immediately after this
statement, ILVA presented a plan costing 2.25 B€.

Thus the lesson learned is that combining environmental,
social, economic, and technical problems together results in
the most disparate estimations and that the estimation
process is strongly opaque, especially in this specific case.
But this apparent unclearness has, in our opinion, other
possible reasons. The AIA released by the Minister defines
and prescribes the company to reduce pollution by applying
the BATs. However, the company, by law, takes the final
decision on what to apply in the light of economic feasibility.
Particularly, the assessment included in the AlA (article 8, law
decree 59/2005), considers the best technologies in an
absolute way and not with respect to a cost-benefit criteria.
The cost reduction proposed by ILVA, against the first
ministerial estimation, is justified by the fact in September the
estimation process was done only in an approximate way.
Now feasibility and design quantification are in the operative
phase and only 20% variability is acceptable before closing all
the contracts for consequent activities.

Another important issue concerns the reliability and reality of
the interventions undertaken previously. On 23" January
2013 ILVA stated that 65% of AIA prescriptions were already
in place; that is in contrast with the level of remaining
intervention costs and the related uncertainty arising. A
further unclear aspect relates to the individual investment for
each plant and sub-plant. For instance, for the coke areas,
860 M€ is the cost estimated to refurbish and rebuild, even
though in a document dated 2012 entitled “Investments for
Environment’[9], the Company stated to have already
invested since 1995 up to 2011, 480 M€. Surprisingly, after an
investment of 30 M€ per year in a single area, the area now
apparently needs to be completely rebuilt.Other estimations
are opaque and difficult to practically correlate to effective
investments in industrial sustainability; the most probable
value could be around 689 M€ in a period spanning from
1995 to 2006.

Considering the investments from the Government and tax
payers’perspective, it appears that assuring job protection of
more than 5,000 workers up to 2015 will result in a collective
cost of more than 800 M€ to the public purse. Surely it would
be better to oblige privately owned companies to respect
regulations adopting the required investments (even if this
means partially supporting them from public sources) before
reaching this critical disequilibrium point, instead of imposing
almost entirely, the huge social, economic, and environmental
(and hence serious health issues) on the country and citizens,
and finally claiming for the evident “unsustainability” of these
industrial practices/facilities.
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6 CONCLUSION

The hard choice to risk dying of cancer rather than face the
ignominy and hardship of unemployment for workers, the
institutional obligations to prohibit environmental pollutionto
guarantee health and wellbeing for the citizens of the territory,
and the conflictingmyopic profit-oriented management
strategy of Riva Group, pose an unquestionable industrial
sustainability challenge. The Riva group has claimed that
compliance costs were prohibitive. However, looking at the
economic and financial performance of Riva Group, it is hard
to acceptthey couldn’t support the right investments to
renovate the plant since 1995, and yet harder to believe they
are now demanding the government to pay.

Some commentators have suggested that inappropriate
ownership of the company, prolonged State inaction, and
corruption are the cause of the problems. There is almost
certainly some truth in this as evidenced by the fact that
polluting activities have continuedsince the 1990’s despite
environmental concerns raised by government, and award of
full environmental certifications ISO14001 and 1ISO18001 right
up to the current date. However, ultimately it appears that the
Riva family and the management of ILVA have simply
followed a contemporary shareholder-centric approach to
business of profit maximisation, with an expectation that
government will continue to support by taking responsibility
forthe external social and environmental costs[10].

The ILVA Taranto case isan extreme example of
environmental pollution and social harm due the size of the
plant, its national and regional importance, and the duration of
the problems, but the problematic business approach
underlying the issues is not uncommon. Recent, highly public
examples demonstrate similar compromises in pursuit of
profitsacross a broad range of sectors. For example, British
Petroleum’s environmental disaster in the Gulf of Mexico in
2010; suicides and labour disputes over pay and working
conditions at iphone supplier Foxconn in China 2010-2012,
and the collapse of an apparel factory building in Bangladesh
in 2013 killing many hundreds of workers.Similar scenarios
are likely to occur repeatedlyparticularly in regions where
regulations and governance to protect the environment and
society are weakuntil business models focused on short-term
profit maximisation are addressed. This is perhaps particularly
pertinent to large nationally strategic industry sectors.

In the past these enterprises may have benefited from implicit
guarantees of the State, enabling them to maximise short-
term profits for management and owners while acting in
areckless manner towards their broader stakeholders
including the environment, workers and society. The judicial
challenge in this particular case of ILVA demonstrates that the
changing dynamics of a recessionary and debt-laden Europe
makes such an expectation of government and taxpayer
largesse look increasingly unsustainable.Furthermore,
pressure on firms to adopt a more holistic approach to
business sustainability seems likely to increase under
changing public awareness and attitudes towards the role of
corporations in the wake of the recent examples of corporate
neglect of suppliers and the environment in pursuit of profits.

Applying a scientific and rigorous industrial sustainability
approach will be the only way to resolve paradoxes like the
one presented in this case; production (even of steel) is
possible in a way that guarantees workers and community
health and wellbeing. Technology can provide effective

solutions as defined in BRefs and demonstrated by leading
producers in Germany, South Korea and Japan who have
pioneered and championed best available techniques for the
sector. Such firms, far from being weakened by the
investment costs are now enjoying strong competitive
advantages in a global market place, supporting, rather than
damaging their local environment and communities. Such
innovation is more than just technological though — it requires
a fundamental shift in perception of the value proposition of
the firm to embrace the needs of broader stakeholder groups,
reducethe dependency on government support and fully
reconsider how the firm does business, whichare at the core
of the firm’s business model.

In  conclusion, appropriate consideration of social and
environmental sustainability within the business model as
suggested by Stubbs and Cocklin[1]will therefore increasingly
become core to ensuring economic sustainability and hence
long-term survivability of the firm and protection of national
strategic capabilities and jobs. Firms and government policy
will need to shift to a more holistic perspective of value
creation, based on the TBL and BATSs.
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Abstract

Value creation activities are normally considered to take place in relatively well developed areas of most
countries. This is especially true when referring to developing countries where income generation possibilities
are normally reserved to urban centers with adequate infrastructure, access to supply chain networks and
trained human resources. In order to level quality of life and social conditions of low income rural and urban
communities to the regional prosperous areas, opportunities to create local economic development have to be
generated. A way to contribute towards the achievement of this end is the generation of sustainable local
value creation modules. To achieve this, the integration of several knowledge areas is most of the times
necessary in order to secure a smooth implementation in the field increasing thus its success chances. This
contribution proposes a method to construct interdisciplinary teams capable of define, develop and conduct
projects intending the implementation of value creation modules in economically disadvantaged communities

in developing countries.
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1 INTRODUCTION

Global community is nowadays a reality. Accordingly to
Gurria (2013), developed and developing nations, North and
South hemispheres became so interdependent that
sustainable development goals, poverty and human
development agenda are ubiquitous [1].

Since sustainable development entered the global agenda in
the nineties, important results were achieved. Poverty has
declined and in 2013 there are 620 million fewer extremely
poor people in the world today than in 1990 [1]. Brazil,
Bangladesh and Mexico pioneered innovative approaches to
target poor households, like the Brazilian Program Minha
Casa, Minha Vida, which has benefited more than 3.2 million
people between 2009 and 2011 [2]. Improvements in health
conditions, social protection, food security and school
enrolment are also reported (World Development Indicators,
2013) [3]. However, great efforts against poverty are still
necessary. According to World Bank estimates globally there
are about 4.2 billion people living on less than 5 dollars a day,
while the situation is even worse in some parts of the globe.
In Sub-Saharan Africa for instance, almost half of the
population still lives on less than $1.25 a day. The situation is
also reflected by some other figures: close to 2.4 billion
people around the world lack proper sanitation facilities and
1.1 billion people lack a safe source of drinking water. Low
income and its associated substandard life conditions are
related to lack of good quality jobs or rent generation
opportunities. For example, in Africa, the unemployment rate
reaches 40% in Kenia and 48% in Senegal Poor distribution
of wealth makes the poverty situation even worse in some
nations. Data from OECD (2011) show that in Chile, the
richest 10% of the population have incomes 27 times those of
the poorest 10%; while in Brazil this ratio stands at 50 to 1
[4]. Finally, the efforts against poverty are hampered by

climate change. According to the United Nations Human
Development Report (2013), the number of people living in
extreme poverty could increase by up to 3 billion by 2050
unless urgent action is taken to tackle environmental
challenges [5].

Therefore, it can be considered that poverty reduction is still
an enormous challenge for all the humanity and that we need
innovative approaches to face it.

2 VALUE CREATION MODULES
2.1 Motivation

In what is without a doubt a very simplistic economic
categorization of the global community, countries are divided
in two groups: developed or more developed countries
(MDCs) and developing or less-developed countries (LDCs).
There are still no absolute criteria to determine the belonging
of a country to one group or the other, but it is generally
accepted that the first group is composed by countries that
present high Human Development Indexes (HDI) and
possess a highly developed economy and technological
infrastructure. The LDCs in turn, are countries which
evidence lower levels in socioeconomic indicators such as
the HDI and lack the technology levels of the MDCs.
According to the International Statistical Institute (ISI), today
there are 144 LDCs in the world, 18 are localized in Latin
American and Caribbean and 54 are African states [6].

Regardless obvious differences still existing between the two
economic blocks, especially concerning the quality of life and
socioeconomic development possibilities, globalization has
made possible in the last decades to reduce the breach.
According to United Nations Development Program (UNDP),
in the last decade, most LDCs accelerated their
achievements in education, health and income generation
possibilities. By 2020, the combined economic output of the
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three leading developing countries, Brazil, China and India, is
expected to surpass the growth of Canada, France,
Germany, Italy, United Kingdom and United States [7].

This prosperity however, is benefiting only a limited
percentage of the population in the LDCs. In the case of Latin
American and Caribbean and according to the Inter-American
Development Bank (IDB) every third family lives in a
structurally unstable building, constructed with low quality
materials and lacking basic services [8].

When it comes to income generation possibilities, the
international labor organization reports that the informal
sector has gained increasing acceptance in Latin America.
Some 30 million persons now work outside the modern
economy in low-productivity jobs with marginal incomes;
many of them living in poverty [9]. This situation is especially
worrisome in rural and marginated urban settlements where
the lack of development opportunities, edge the community
members to migrate to densely populated but wealthier urban
areas.

The concept of sustainable manufacturing refers to the
concept of local Value Creation Modules (VCMs) and the
generation of regional VCM networks as a mean to
decentralize economic development and trigger communities’
wellbeing through the rational exploitation of local material
and human resources.

According to Seliger, every VCM consists of five main
factors, namely: product, process, organization, equipment
and human. In modern sustainable societies, each one of
these factors are to be oriented towards the generation of
value, where value should be understood not only as
economical but also environmental and social [10].
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Fig. 1 Factors present in value creation modules and
networks [10]

Considering the context of a low income community in a
developing country, a VCM can be structured as a set of low
to mid-tech value adding processes, usually limited to a few
tens of square meters of confined space and producing
finished or semi-finished products for the local or regional
consumption. These modules have the potential to be part of
elaborated value creation networks or act as independent
decentralized productive units with local suppliers and
customers.

Similar to many activities undergone by modern societies, the
planning, development and operation of a VCM requires in
most cases, participation of groups of people, commonly

known as teams, with a full set of complementary skills to
complete a series of specific tasks throughout each one of
the project’s planning and realization phases. Depending of
the complexity and variables of the project, including size,
environment, end product or service and infrastructure,
involvement of interdisciplinary teams becomes a
determinant key to achieve not only implementation success
during the development phases but also economic success
during its operative life.

These interdisciplinary teams are defined as a coordinated
group of experts from different fields who work together
towards a unique common goal. Team members operate with
a high degree of interdependence, share authority and
responsibility for self-management, are accountable for the
collective performance, and work toward a common goal and
shared rewards [11].

In this sense, this contribution has the goal to present an
interdisciplinary initiative to design Sustainable Value
Creation Modules for low income communities in developing
countries.

The method utilized is the result of several multidisciplinary
projects and project oriented teaching activities conducted by
the department of machine tools and factory management of
the Technical University Berlin (TUB) in collaboration with
internationally renowned universities in Africa and Latin
America such as the Stellenbosch University, South Africa
(SU), the Universidade do Sao Paulo, Brazil (USP), the
Universidade Federal do Espirito Santo, Brazil (UFES) and
the Pontificia Universidad Catolica de Chile, Chile (PUC).

This contribution will focus therefore on the activities
concerning the planning and realization phases of the VCM
as an autonomous entity in a low income area. These
activities include, but are not limited to; project scope, project
management, value creation processes’ design, factory
planning and layout, capacity planning, machine tool
selection, supply chain design, community integration and
sustainability assessment.

2.2 Value Creation Factors

As mentioned previously, every VCM is assumed to consist
of five basic factors which are shaped according to the user's
requirements or “voice of the customer”. These factors have
special considerations when it comes to drive sustainable
development of low income communities

2.2.1 Process and Equipment

Processes that have to be performed in VCMs can be
regarded as manifold. Reichwald et al. states the following
processes, VCMs generally have to cover in the operative
level [12]:

e Admittance of customer preference or in case of low
income communities, customer’s necessities and raw
materials available

e Translation of the customer preference into customer
individual product characteristic,

. Individual production of the desired product,

. Distribution of the product. The community in this
case support the VCM whilst the utilization phase and
initialization of the rebuy.

In contrast to this, Zah and Aull define the following main
activities in dependence on Porter’s value chain [13], [14]:

. Product definition,
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. inbound logistics,
. internal logistics,
. manufacturing and assembly,
. external logistics

Machine tools on the other hand are normally tailor-made
solutions, usually manufactured by local producers, members
of the community or involved stakeholders

2.2.2 Product

Having a deeper look at the core activity of value creation,
the manufacturing and assembly, a variety of examples are
available that illustrates the production process within VCMs.
Postawa et al. (2009) introduces a disassembly process for
printed circuit boards (PCB) performed by a value creation
network in Brazil. After the separation of electronic devices by
help of adjusted manual aids at a manual workstation,
reusable units are tested and sorted either into units being
inserted into a solar oven or units sold to a refinery. Solder is
then removed and components are separated from the resin-
board. By help of a manual driven centrifuge, components of
the PCB will be removed. The solder is collected extra while
the remaining components are grouped by specific categories
on different stocks to be sold to a refinery or industry. [15].

Postawa et al. (2011) proposes a VCM to produce cocoa
paste. After the breaking of the harvested and dried cocoa
beans, a sorting, roasting and grinding of these beans is
performed to receive the final product of cocoa paste [16].

Hu and Seliger (2012) introduces in their contribution a
further process related to Collaborative Research Centre
1026: “Teaching and training”. Hereby the VCM is regarded
as a “Learnstrument”. [17]

2.2.3 Organization Human

The type of business model of a VCM determines not only
the source of income but also determines profit utilization of
the enterprise. Depending on the focus of profit utilization, a
VCM can be categorized as follows: Profit-maximizing
companies create shareholder value as an ultimate goal.
Non-profit organizations create social value instead by
consuming investment from donors. Social businesses create
social value too, but aim at achieving at least self-
sustainability as a result of their activity.
Financial profit maximization

A
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No Business
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Figure 2: Classification of Social Business [18]

Main goal of traditional business models is to sustain an
economic value. The other components of sustainability,
namely the ecological and social development are not
considered as essential by top managers in traditional for-

profit companies [19]. As the necessary equilibrium between
these dimensions is challenged in a large majority of
ventures, there is a need to balance social, economic and
environmental aspects by reforming the logic of individual
profit maximization [20].

The design of value creation modules in a specific community
of a designed country is closest to the definition of “social
bricoleur” classification. The action is specifically tailored to
address a well-defined and local issue. The aim is to enable
local entrepreneurs to fulfill locally discovered needs of the
community with locally available resources. The business
model is not intended to be replicated at a large scale and the
activities developed are a competitive alternative to the ones
of existing private companies.

One possibility to model a business is to define the classic
three components:

1. Value proposition of the product or service offered to the
final consumers,

2. Value chain composition to ensure durability of the supply
and distribution of the products through the sustainability of
the local partners of the venture,

3. Revenue model, to indicate how the company will cover
its fixed costs and to anticipate the development strategy.

A social business has a social objective. This requires
introduction of a fourth component:

4. Social benefits tracking, to measure the effects of the
social venture on the local stakeholders, such as employees,
customers and suppliers.

3 INTERDISCIPLINARY PLANNING OF VCM
3.1 Academic background

In most MDCs and many LDCs, universities have acted in
recent years as driving entities and spearhead of the
implementation of sustainable manufacturing concepts in the
national production areas, weather through the education of
professionals and technicians who will act as practitioners of
the methods in the future or, through direct intervention and
collaboration with the communities, governmental bodies,
industry or relevant stakeholders. In some cases, as the ones
described next, a combination of both methods is also
possible by means of the development of innovative project
oriented teaching programs.

“Engineers without Borders—USA” (EWB), formed in Boulder,
Colorado, developed a result-oriented strategic planning of
help to poor communities around the world while developing
internationally responsible engineering staff [21]. The staff is
mixed between permanent board of directors and project
managers, centralizing the information for partners
universities located in the USA and referred to as “chapters”.
Each chapter acts as an independent structure and organizes
its own resources.

“Engineers for a Sustainable World” (ESW) uses the same
principle of a centralized organization working together with
affiliate partners, run independently by local leaders.
However, distinction is made between collegial and
professional chapters to allow the inclusion of private
organizations in the projects led in communities. The collegial
partners are encouraged to include the project solving
activities in the curricula of students or even develop courses
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on the application of sustainable engineering. Local
organizations’ leaders share monthly on their achievement
and the national board initiates the information sharing
activities [22]. Similar approach is retrieved in the Engineers
in Technical, Humanitarian Opportunities of Service Learning
(ETHOS) program focused on the capacity building in the
poorest communities.

The Technische Universitdat Berlin (TUB) has also long
experience in the development and management of project-
based international student activities. Such programs started
in 2002 in the field of production engineering, with the Global
Product Development (GPD) course [23]. The GPD course
was held until 2008 and gathered students from three
universities: Seoul National University (Korea), University of
Michigan in Ann Arbor (USA) and TUB (Germany). The
primary objective of GPD was to effect systematic knowledge
transfer of method and societal competencies by using
extensive case studies. Internet lectures were delivered by
the teaching staff of the cooperating universities and students
recruited from the universities developed prototypes of
globally marketable products. Two face-to-face meetings of
participants held early and late in the term, supplemented the
virtual meetings.

The GPD initiative served as a precursor for further projects,
Global Engineering Teams (GET) is an international,
multicultural team- based approach at solving practical
engineering problems originating in companies. GET groups
is led in virtual and international students’ teams. The
initiative fosters teamwork and digital collaboration among
students with different technical and cultural backgrounds,
and is providing a unique by opportunity for students to
manage concrete industry challenges. GET has three main
objectives:

1. Solving engineering tasks in international groups

2. Using interdisciplinary project-oriented and practical best
practices

3. Considering engineering tasks holistically to promote
global sustainability

The latest of collaborative international capacity building
programs of the TUB, is the Housing — Manufacturing —
Water project (HMW). HMW was born in 2009 as a
collaboration initiative between the Technische Universitat
Berlin (TUB) and six partner universities in Africa, Latin
America and India. Since its inception, HMW pursued the
integration of multidisciplinary knowledge fields into yearly
common learning projects and workshops where urban
design planers as well as manufacturing and water engineers
cooperate in proposing adequate strategies for the
achievement of UN’s Millennium Development Goals,
especially those referring to the development of sustainable
housing areas, supply of drinking water and generation of
income sources. The HMW Project has simultaneously the
objective to build capacity in the implementation areas
together with its local partners; this is achieved through
seminars and lectures for the next generation of
professionals and the training of community members.

The HMW project has lately served as platform to develop
further the planning methodology to develop VCM through
interdisciplinary teams presented in this contribution.

3.2 Proposed Method

The starting point to define a project on VCM for low income
communities is to change the preposition “for” to the
preposition “with”. This change impacts the whole process
because the researchers accept they don’t have enough
knowledge about the low income communities’ reality
necessary to perceive the value creation possibilities that
exist in their environment.

The interaction must be personal and close which means:
Identify local people who are interested in promoting local
development and became themselves stakeholders. They
can be local community leaders or social entrepreneurs that
act individually or through NGOs, for example, in the
community.

The core team of researchers and implementers conduct
following initial activities:

1) Conduct visits to the community sites, interviews
and group activities with community stakeholders
based on predetermined templates as the Business
Model Canvas. Objective is to determine what kind
of “value delivery” the community perceive and to
whom they think it is possible to delivery such
“value”, meaning, the customer identification.

2) Roughly define the concept of “business” that can
be developed with such preliminary information.

3) Bring together the community stakeholders with
representatives of the possible “clients” and other
intermediate agents in the business production
chain. They become market stakeholders (or
enterprises stakeholders). Experts in the specific
field are also invited. Altogether, they discuss the
value creation proposition and refine the concept of
the “business” that the VCM must accomplish.

4) At this point, the academic team formulates a
proposition of VCM (a power point slide may be
enough). This proposition is then presented to all
the stakeholders and, if approved, it is turned into a
VCM project. The main requirements of the VCM in
terms of end product to be produced, overall
production goals, and implementation site are
defined by all the involved parties who sign
documents that will guide the project development
phase.

5) The interaction with all the stakeholders is kept
alive during the development phase through regular
meetings to evaluate if the project is addressing the
stakeholders expectations.

Once the VCM and its goals are defined, the integration of an
interdisciplinary team commences by identifying concrete
knowledge areas required to conduct and realize the tasks
deemed as necessary for the realization of the objectives of
the VCM. Experts of the identified knowledge fields, usually
academics, industry representatives and NGO members, are
then contacted and presented with the project, its overall
scope, areas of direct impact, expected contribution and the
involved stakeholders. Finally the interdisciplinary team is
formed and subdivided in sub teams according to synergy
demands and interdependency necessities.

A standard working group formed to plan VCMs would
include at least following sub-teams: Project management,
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business model and community integration, product
development and process design and machine tool design.

The project management group would be in charge of define
the scope of the project, set up a timeline, define deliverables
by interpreting the voice of the customer (stakeholders) and
create the internal communication channels between the sub
teams and between the sub teams and the stakeholders. The
tasks of the project management team include as well the
monitoring of the project throughout its realization and if
necessary conduct modifications to the plan after
consultation with the stakeholders.

The deliverables expected from the business team can be
classified in three main categories. First an analysis of the
current market environment is established as well as the
potentials for a new entrant in this domain. Based on
observations from the potential customers, this part ensures
that the technical solution delivered will have excellent
integration chances with regard of stakeholders’ expectations.
Secondly, several concepts suggestions will be deduced from
the market analysis. The best concept will be selected for its
influence on an agreed criteria list. It will allow the creation of
specifications to be respected from the product and process
development teams. A last deliverable category will aim at
identifying major recommendations for the implementation
phase of the selected concept, such as a detailed activities
planning and financial projections. The principle of co-
creation will be respected all along the project realization
thanks to the contact with community leaders through the
stakeholder network.

The process design team is expected to, primarily via
systematic product design, define the physical output of the
VCM, whether this would be a finished or semi-finished good.
Common deliverables at this stage are market and raw
material research, product’s definition and prototypes and
price definition. The second task of this team is the design of
the value creation chains. To this stage, following
deliverables are expected: site layout, value stream map,
definition of necessary employee qualification, design of work
places, legal framework, etc.

Finally, the machine tool design team will elaborate on the
hardware requirements of the VCM in order to produce the
goods defined by the process team. The team is responsible
to report adequate production technologies to achieve the
necessary value creation processes and determine suitability
of the machine tools existing in the market. In case it is
necessary, the team is also responsible to adapt existing
technologies to the necessities of the VCM. This is to be
done considering a closed loop lifecycle and the involvement
of local producers.

A kickoff event, ideally at the implementation site within the
community, serves usually as platform to set specific
objectives per sub teams, a project timeframe, resource
allocation per area, internal communication protocols and
establishment of feedback channels with external
stakeholders.

Experience has shown in our case that the biggest
challenges are to be expected while interpreting the voice of
the customer, means transforming the stakeholders’
demands into specific work packages and/or deliverables,
and also during the setup of communication and information’s
protocols between sub teams, where miscommunication or
personal biases by individual team members slows or

partially hinder delivery of integrated results. Resolution
strategies like the one proposed by Behfar-Peterson [24]
have been considered and utilized during our experience in
the field but will not be discussed further in this contribution.

In the particular case of the projects realized by the TUB and
its international partners, the expert teams are complemented
with groups of graduate students of the relevant knowledge
areas and members of the participant institutions, who
participate directly in the planning phases of the project and
conduct most of the operative and development tasks
throughout the academic semester.

The involvement of graduate students pursues mainly two
objectives; on the one hand, suitable solutions towards the
achievement of the VCM's objective are provided by the
student groups under close supervision of recognized
experts, reducing thus development costs for the VCM
without sacrificing quality in the results. On the other hand,
the delegation of core responsibilities already during the
planning and organization phases as well as direct
participation during the execution and field work, provides the
student with practical expertise through the conduction of
project oriented activities complementing his/her theoretical
knowledge in a way comparable to professional
experiences.

The participation of international students as in the case of
TUB’s HMW and GET initiative, provides the project as well
with a multicultural dimension which benefits not only the
result of the implemented solution, through the integration of
acclimatized methods and technologies and inclusion of
objective perspectives, but also promotes the global
dissemination of knowledge and acquired experience,
achieving thus a multiplication effect.

Finally, once the final results per area are ready and
integrated, a holistic proposal is presented to the local project
stakeholders and community members. Since they have
been continuously part of the project's development, few
modifications can be expected. Further phases of the project,
not part of the scope of this contribution, such as
implementation and running, are then commenced.

4 CONCLUSIONS

Generation of decentralized VCMs as key driver to achieve
sustainable development in low income communities of
developing countries has been the motto of international
development organizations and academics in the last
decades. The department of machine tools and factory
planning of the technical university Berlin, together with
internationally renowned African and Latin American
university partners, have developed vast knowledge in the
integration of multidisciplinary teams in charge to set up
income generation solutions in form of local value creation
units in direct collaboration with the community and other
relevant actors. The positive results of this symbiosis namely,
improved success chances and community ownership of the
project, have been confirmed by sociologist and technical
experts alike. A methodology on how to integrate these
interdisciplinary teams, based on the involvement of the
community and the forming of student groups, has been
presented in this contribution.

5 FURTHER DEVELOPMENTS

The above developed method has to be developed further
based on new experiences gained through its application in
new case studies. Current work of the department centers in
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developing integrated small scale factory planning
methodologies in so called “mini factories” which takes into
account particular socioeconomic conditions of
disadvantaged areas in developing countries. Such a
methodology has to be further developed in collaboration with
social scientists who are able to understand the local
requirements of the community in detail, business
economists, that can adapt capable business models to the
specific local conditions and engineers, who evaluate the
technical feasibility under the regional requirements.

To distribute the idea of the generation of local income in
poor communities, a platform has to be developed. An open
knowledge solution containing detailed material on “how to
build my own VCM” should be developed and put to the
disposition of potential users in disadvantaged communities.
By means of a bidirectional platform, the user would be able
to troubleshoot original concepts and generate a continuous
improvement loop with others users of the platform.

6 REFERENCES

[1] Gurria, A.: “Innovative Approaches to Poverty Reduction,
Social Cohesion and Progress in a Post-2015 World.” OECD
Secretary-General, Global Forum on Development, Paris
2013.

[2] CEF, 2011. Relatério da Administragdo CAIXA - 1°
Semestre 2012. 28p.
http://downloads.caixa.gov.br/_arquivos/caixa/caixa_demfina
nc/RELAT%C3%93RIO_DA_ADMINISTRA%C3%87%C3%8
30_1S12.PDF. Access: 24th, April, 2013

[3]. World Development Indicators (2013).
http://databank.worldbank.org/data/views/variableselection/se
lectvariables.aspx?source=world-development-indicators.
Access: 24th, April, 2013.

[4] OECD.: “Divided We Stand: Why Inequality Keeps
Rising.” December 2011.

[5] United Nations Human Development Report (2013).: “The
Rise of the South: Human Progress in a Diverse World. UN
Development Programme. NY”.
http://hdr.undp.org/hdrdpress/press/index.html. Access: 24th,
April, 2013.

[6] The International Statistical Institute (ISI).: “Developing
countries.” http://www.isi-

web.org/component/content/article/5-root/root/81-developing.
Access 30.04.2013.

[7] United Nations Development Programme (UNDP).: “2013
Human Development Report.”:
http://www.undp.org/content/undp/en/home/librarypage/hdr/h
uman-development-report-2013/. Access 29.04.2013.

[8] Parente, S. “O Mercado Financeiro e a populagdo de
baixa renda. Comissdo Econémica para a América Latina e o
Caribe”.2003

[9] Tokman, V.: “Policies for a heterogeneous informal sector
in Latin America. International Labor Organization.” 1990

[10] Seliger, G. ed.: “Sustainable Manufacturing — shaping
global value creation”, Berlin 2011

[11] The business dictionary
http://www.businessdictionary.com/definition/interdisciplinary-
team.html. Access 22th, April 2013

[12] Reichwald, R.; Stotko, C.M.; Piller F.T.: ,Dezentrale
Minifabrik-Netzwerke als Form des Real-Rime Enterprise:
Konzeption, Flexibilitatspotenziale und Fallstudien® in Kuhlin,
B.; Thielmann, H. (Hrsg.): ,Real-Time Enterprise in der
Praxis: Fakten und Ausblick. Springer Publishing®, Berlin
Heidelberg, 2005.

[13] Zah, M.F.; Aull, F.: ,Minifabriken: Die Zukunft effizienter
Produktion® in ,Marktnahe Produktion individualisierter
Produkte: Industriekolloquium des Sonderforschungsbereichs
582°. Herbert Utz Verlag GmbH, Miinchen, 2004.

[14] Porter, M.E.: ,Competitive Advantages: Creating and
sustaining superior performance®“. Free Press, New York,
1985

[15] Postawa, A.B.; Brandédo, D.; Rubin, R.S.; Seliger G.:
~Configuration of Value Creation Modules, instantiated in Mini
Factories for Disassembly of Printed Circuit Boards® in
,Sustainable Product Development and Life Cycle
Engineering: Proceedings of the 7th Global Conference on
Sustainable Manufacturing”, Micro Print Ltd., Chennai, 2009.

[16] Postawa, A.B.; Siewert, M.; Seliger, G.: ,Mini Factories
for Cacao Paste Production” in ,Sustainable Manufacturing —
Shaping Global Value Creation: 9th Global Conference on
Sustainable Manufacturing”, Universitatsverlag der TU Berlin,
2011.

[17] Hu, J.; Seliger, G.: ,Sustainable Product-Service
Systems design towards resource efficiency” in ,Towards
Implementing Sustainable Manufacturing: Proceedings of the
10t Global Conference on Sustainable Manufacturing”,
Istanbul 2012.

[18] Yunus, M., Moingeon, B., Lehmann-Ortega, L.: “Building
Social Business Models: lessons from the Grameen
experience”, HEC Paris 2009 — working paper 913.

[19] Thompson, J., Alvy, G., Lees, A.. “Social
entrepreneurship — a new look at the people and the
potential”. Management Decision 2007 38, 328-338.

[20] Schumpeter, J.A.: “Capitalism, socialism, and
democracy”. Harper and Brothers, New York. 1942.

[21] Amadei, B.: “Program in engineering for developing
communities: viewing the developing world as the classroom
of the 21st century”. Proceedings of Frontiers in Education
conference. Piscataway, NJ: Institute of Electrical and
Electronics Engineering, 2000.

[22] ESW - Engineers for a Sustainable World
http://www.eswusa.org/mission-vision, Access 01.05.2013
[23] Eisenberg, M. and Scheffer, C.: “Blended learning in
global engineering teams. ASEE global colloquium on
engineering education”. Cape Town, South Africa 2008.

[24] Behfar, K; Peterson, R.: “The Critical Role of Conflict
Resolution in Teams: A Close Look at the links Between
Conflict Type, Conflict Management Strategies, and Team”
Outcomes, Journal of applied psychology 2008.

36


http://downloads.caixa.gov.br/_arquivos/caixa/caixa_demfinanc/RELAT%C3%93RIO_DA_ADMINISTRA%C3%87%C3%83O_1S12.PDF
http://downloads.caixa.gov.br/_arquivos/caixa/caixa_demfinanc/RELAT%C3%93RIO_DA_ADMINISTRA%C3%87%C3%83O_1S12.PDF
http://downloads.caixa.gov.br/_arquivos/caixa/caixa_demfinanc/RELAT%C3%93RIO_DA_ADMINISTRA%C3%87%C3%83O_1S12.PDF
http://databank.worldbank.org/data/views/variableselection/selectvariables.aspx?source=world-development-indicators
http://databank.worldbank.org/data/views/variableselection/selectvariables.aspx?source=world-development-indicators
http://hdr.undp.org/hdr4press/press/index.html
http://www.eswusa.org/mission-vision

¢.BCSM

11¢h Clahal Canfaransra n Quictain-
11th Global Conference on Sust

2013

23rd - 25th September
Berlin - Germany

1.4  Strategic innovation priorities for sustainable manufacturing in Australia
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Abstract

This paper presents a strategic perspective and 3 sustainable manufacturing innovation priorities for the
Australian manufacturing sector. They are, improving resource efficiency, developing new business models
and adopting new technology. These are not the only strategies by which to achieve sustainable
manufacturing or improved competitiveness. However, they are a prioritised response to current global trends,
government signals and challenges and opportunities for Australian manufacturers. Manufacturing in Australia
has reached a crossroad. Tough economic conditions mean in order to survive manufacturers must adapt and
respond to competitive pressures by innovating to remain productive and prosperous. This paper provides an
overview of the drivers, enablers and an example for each innovation response. This clearly demonstrates the
link between innovation and sustainable manufacturing and how innovation can provide a competitive

advantage.
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1 INTRODUCTION

The previous two years have seen a focus like never before
on the future of manufacturing in Australia. An increasingly
challenging economic environment is the consequence of
many factors, including the high Australian dollar which has
had near parity with the US dollar between December 2010 to
June 2013. Rising resource costs have also placed pressure
on manufacturers to remain competitive. In October 2011, the
Australian Prime Minister convened a taskforce on
manufacturing to map a vision for the future of manufacturing
in Australia as it adjusts to economic pressures and
competition from Asia[1]. In December 2011, the
Commonwealth Scientific Industrial Research Organisation
(CSIRO) held an industry workshop to discuss ‘What
sustainable manufacturing means to Australia’[2]. This paper
takes into account the current global trends as well as
government and industry signals to describe the innovation
priorities for sustainable manufacturing in Australia.
Innovation is a key lever by which to address the challenges
of manufacturing while becoming more economically, socially
and environmentally viable. This paper describes 3
sustainable manufacturing innovation priorities; resource
efficiency, new technology and business model innovation.
For each innovation priority, a driver, enabler and example
are provided. The author proposes that the three innovation
priorities described in this paper are critical in enabling a
transition to sustainable manufacturing in Australia, and
further, that they provide a competitive advantage in today’s
challenging times. These innovations are not the only source
of competitive advantage for manufacturing firms. For
example, improving skills, diversification and the ability to
enter new supply chains are also sources of competitive
advantage.

2 CONTEXT AND DEFINITIONS
2.1 The current state of manufacturing in Australia

Manufacturing makes a vital and significant contribution to
Australia’s economy. The sector’s contribution to GDP has
declined from 9.5% to 8.7% between 2005-06 and 2009-10.

In 2010-11, the manufacturing sector employed 991,800
people; this is a decrease from the 1.05 million people
employed the previous year, and sadly, over 100,000 jobs
have been lost in manufacturing since 2008[3]. In 2010-11,
manufacturing accounted for 34% of Australia’s total export
trade. This has declined steadily since 2006-07 when
manufacturing’s share of exports was 50%[4]. In 2010-11, the
sector contributed to over 27% of total business in R&D
expenditure, this is larger than any other sector and equates
to a $4,760 million investment in R&D. Further, this increased
by $499 million compared to the year prior[5]. Despite the
general decline of many economic metrics over the previous
few years, manufacturing remains an important part of the
Australian economy. It contributes to a diverse economy with
both direct and indirect contributions and it supports and
enables other parts of the economy such as agriculture,
mining, construction and services[3]. In 2006, the Australian
Industry Group estimated for every $1 generated by the
manufacturing sector this resulted in additional $1.25
expenditure in the rest of the economy[6].

In 2006, the OECD noted the declining contribution of
manufacturing to GDP as an ongoing trend across many
OECD countries. This reflects the shift of developed
economies towards the services sector and an increasing
blurring of the distinction between manufacturing and
services[7]. As competition with low cost, developing
economies continues, this trend may well continue for
Australia. The pursuit of sustainable manufacturing innovation
objectives will improve competitiveness and may well play a
role in differentiating Australian manufacturing from low cost
competitors. As such, these 3 sustainable manufacturing
innovation priorities may be relevant to other developed
nations.

2.2 Definition of Sustainable Manufacturing

Manufacturing can be defined as ‘the full cycle of activities
from research and development, through design, production,
logistics and services, to end of life management’ [8].
However, similar to the definition of ‘sustainability’, there is no
common definition for sustainable manufacturing. Most
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definitions generally adhere to the principles first outlined in
the 1987 Bruntdland report, that is: ‘Sustainable development
is development that meets the needs of the present without
compromising the ability of future generations to meet their
own needs’[9]. Three useful definitions and descriptions for
sustainable manufacturing are from the US Department of
Commerce, Queensland State Government in Australia and
the Organisation for Economic Co-operation and
Development (OECD). The US Department of Commerce
defines sustainable manufacturing as ‘the creation of
manufactured products that use processes that minimize
negative environmental impacts, conserve energy and natural
resources, are safe for employees, communities, and
consumers and are economically sound[10]." The Queensland
Government describes sustainable manufacturers as those
who ‘use world-class manufacturing and environmentally
friendly practices to improve the profitability of their business
and reduce their impact on the environment[11].” Lastly, the
OECD defines the general principle of sustainable
manufacturing ‘to reduce the intensity of materials use,
energy consumption, emissions, and the creation of unwanted
by-products while maintaining, or improving, the value of
products to society and to organizations[12].’

2.3 The nexus of sustainable manufacturing, innovation
and competitiveness

There is a strong connection between sustainable
manufacturing, innovation and increased competitiveness. It
is important to note that the OECD also relates the term
‘sustainable manufacturing’ to ‘eco-innovation’[13]. The latter
is described as the trigger to developing a green economy
and assist manufacturing to become sustainable. The
connection between sustainable manufacturing and eco-
innovation underscores the important role of innovation in
transforming traditional manufacturing processes to a more
sustainable paradigm.

Innovation can assist manufacturers through both the
incremental evolution of current practice and the development
and application of disruptive technologies which enable
fundamental change to manufacturing and markets. Whilst
research and development (R&D) plays a significant role in
the process, innovation extends beyond R&D. Within
Australia, a commonly used definition of innovation is:
‘Innovation is the implementation of a new or significantly
improved product (good or service), process, new marketing
method or a new organisational method in business practices,
workplace organisation or external relations[14]’

It has been proven that innovation is also connected with
increased firm competitiveness and success. The 2012
Australian Innovation Systems report provides clear evidence
that innovation active companies are more competitive as
they are:

41 per cent more likely to report increased profitability,
Twice as likely to report increased productivity,

Twice as likely to export, and

Up to four times more likely to increase employment and
social contributions[15].

Innovation is needed for sustainable manufacturing, and in
turn, the pursuit of both objectives have a high liklihood of
influencing firm competitiveness. The following section
describes the 3 strategically important innovation priorities for
sustainable manufacturing.

3 RESOURCE EFFICIENCY

3.1 Driver - the global megatrend ‘more from less’ and
environmental regulations

In 2010, CSIRO first published a report on Global
Megatrends. This was well received by industry and of the 6
trends described, ‘more from less’ resonated greatest with
manufacturers. It is testament to this persistent trend that
when the CSIRO updated its global megatrends for 2012,
‘more from less’ remained and was simply updated with more
recent data. This megatrend describes the depletion of our
natural resources occurring at alarming rates while the impact
of population growth and climate change will continue to
increase pressure on resource demand[16]. Examples of data
supporting this megatrend are; by 2043 our global population
will reach 9 billion people, global food production needs to
increase by 70% between now and 2050 in order to meet
demand, global water demand will rise by 55% between 2000
and 2050 with manufacturing a key driver of this increased
demand, global energy consumption will rise by 40% between
2009 and 2035, mineral ore grades are declining while ore
production is increasing.

Manufacturing provides goods and services that support our
quality of life and the economy. It has historically been based
on the paradigm of unlimited resources [17]. The folly of this
assumption, and the forces of the ‘more from less’ megatrend,
make resource efficiency a priority for achieving sustainable
manufacturing. Resource efficiency also provides Australian
manufacturers with a competitive advantage by reducing
costs and increased productivity.

Another driver of resource efficiency and increased
manufacturer responsibility is product stewardship. This
expands the responsibility of manufacturers to include
responsible disposal of their products. Regulation has
successfully been implemented in Europe and in 2011,
Australia implemented the Product Stewardship Act which
provides a framework for regulatory, co-regulatory and
mandatory product stewardship. The aim of the Act is to
reduce waste sent to landfill and increase recovery and
recycling rates. Product stewardship now applies in Australia
for televisions, computers, mercury containing lights and
tyres[18].Future opportunities exist for manufacturers that
reduce the environmental footprint of their products and
processes and differentiate based on their whole of life
impacts [8].

Environmental regulations in Europe, such as the
Registration, Evaluation, Authorisation and Restriction of
Chemical substances (REACH) and the UK Restriction of the
Use of Certain Hazardous Substances in Electrical and
Electronic  Equipment  (RoHS) demand increased
transparency of product information and its impact on human
health and the environment[19]. These types of environmental
regulations support the development of global green supply
chains and have the potential to restrict trade of noncompliant
Australian products.

3.2 Enabler — investment to support resource efficient
manufacturing

The Australian manufacturing sector was the third largest
consumer of electricity in 2009-10[20]. Emissions intensity
varies across the manufacturing subsectors and the plastics
sector is ranked 9th. Despite this low rank, the Plastics and
Chemicals Industry Association (PACIA) reported electricity
costs for small to medium enterprises (SME) equates to
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between 2-18% of input costs [21]. As a result, energy costs
and energy efficiency are a key concern for Australian
manufacturers.

Australia has historically benefitted from low energy prices.
This is changing as resource costs rise and accounting for
carbon emissions becomes part of the economy. The
Australian government has committed to the long term target
of reducing 2000 level emissions by 80% by 2050. This is
consistent with targets announced by the United Kingdom and
Germany. In the short term, Australia will reduce carbon
pollution by 5% from 2000 levels, by 2020[22]. To achieve
this, Australia implemented a carbon price on 1 July, 2012 as
part of its Clean Energy Future policy. Under this program,
support for the manufacturing sector includes $1.2 billion to
improve energy efficiency and research and development for
low carbon technologies. Government investment is enabling
the transition towards more resource efficient and competitive
manufacturing in Australia.

The increased constraints on resources, whether as a result
of higher price or declined availability, will inevitably
necessitate manufacturers becoming more efficient with their
resources. In the future, manufacturers will continue to reduce
waste of all types, through resource recovery, closed loop
manufacturing, industrial symbiosis or industrial ecology.

The application of industrial ecology is embroyonic in
Australia. The most well known example is the Kwinana
Industrial Area in Western Australia. Industrial ecology has
been noted as having the potential to improve sustainable
manufacturing[23]. The 2013 New South Wales (NSW)
Government Waste and Resource Recovery Initiative has
recognised the potential of industrial ecology by prioritising
the establishment of 4 industrial ecology networks as part of
its Business Recycling Program[24]. The uptake of industrial
ecology or symbiosis marks a turning point in strategic waste
management as it supports both environmental goals to
reduce waste to landfill and industry goals to improve
resource efficiency. The NSW Government commitment is
another example of investment that supports resource
efficient manufacturing.

3.3 Innovation Example - Biofiba®

The CSIRO has many examples of applying R&D to develop
resource efficient manufacturing processes. A recent example
is the research collaboration with the company Biofiba® Ltd, a
NSW based SME. A novel process takes fibres from
commercially grown hemp and combines them with starches
and binding agents to make a composite. This unique
composite can be extruded into planks that are able to be
drilled and nailed together into a bio-composite pallet[25]. The
pallet is designed to decompose rapidly into a potentially
valuable garden mulch product. The benefits of this pallet are:

. cost-effective process

. a strong, durable product

e  sterile material removes the need for heat or chemical
fumigation treatment

. minimal waste — planks manufactured to specific lengths

e  bioderived, biodegradable end product[25].

If the technology is successfully scaled-up, Biofiba® will be
ideally positioned to capture a portion of the USD$90 billion
dollar export pallet market. In recognition of this novel process
and product, Biofibore® was a finalist and runner up in the
2012 Australian Cleantech competition.

A second example is CSIRO’s zero waste powder coating for
plastic automotive components. This process replaces
traditional wet paints, reduces waste, eliminates harmful
chemical emissions and saves cost, energy and greenhouse
gas emissions[26].

4 BUSINESS MODEL INNOVATION
4.1 Driver — Therise of the services economy

The provision of manufacturing services can be described as
‘additional services to complement a tangible product offering
in order to add value’[27]. This denotes a shift to a product-
service relationship with customers, creating lengthier
relationships, potentially excluding competitors and producing
more reliable revenue streams[27, 28]. Globally, an average
manufacturing services firm has around 30% of sales as
services[29]. In Australia, the services economy delivers
around 80% of GDP and employs 85% of the workforce[30].
Moreover, around 23% of Australian manufacturing
companies already provide a service, and some companies
that do so are already classified within the services sector[31].
The CSIRO megatrend ‘Great Expectations’ is consistent with
the gradual shift towards service offering from manufacturers.
It describes the rise in expectations for personalised services,
the increase in demand for experiences over material
consumption and the rise in moral and ethical expectations for
consumer products[16].

4.2 Enabler —NBN and service innovation

An enabler for business model innovation, such as developing
manufacturing services, could be the upgrade of Australia’s
telecommunications infrastructure and implementation of
National Broadband Network (NBN). At a CSIRO workshop in
December 2011, industry participants expected the NBN to
assist in supporting globally connected businesses, and new
opportunities for services and exports[2].

Manufacturing services also support  sustainable
development, and the transition to sustainable manufacturing,
through the dematerialisation of society[28]. The World
Business Council for Sustainable Development identified
service extension as a key aspect of eco-innovation,
responsible for extending product life and reducing
turnover[29]. Within traditional firms, the transition to services
is enabled by business model or design led innovation.
However, the transition to services does pose challenges to
many manufacturers through lack of:

senior management support,

information technology,

organisational design,

appropriate capabilities,

and culture[29].

4.3 Innovation Example — industry examples and the
Australian Design Integration Network

e o o o o

There are opportunities to improve profitability through
business model innovation by the application of design led
innovation. An Australian example of business model
innovation is from the mining sector. High value service
provision occurs in exploration and customer solutions e.g.
Orica Mining Services. Benefits include a higher margin
business model[15]. Another example is the award winning
plastic recycling scheme implemented by Tapex who
manufacture plastic products for the Agriculture sector. Tapex
created a market for recycled plastic by introducing a cost

39



K.S. King

effective program to capture all farm plastics, regardless of
type or manufacturer. Recycled plastic is remanufactured into
products, such as tiles and compost bins[32]. This closed loop
solution provided improved customer service, developed a
new brand, market and products. It is an example of business
model innovation resulting in improved resource efficiency.

In March 2013, CSIRO participated in establishing the
Australian Design Integration Network (ADIN). The network
was launched with partners across the national innovation
system to address 2 key gaps; the lack of a research base to
support design led innovation in Australia and the lack of
collaboration in design led innovation across Australia’s
innovation system[33]. The aim of the ADIN is to explore the
role and value of design led innovation in Australia,
particularly for the benefit of manufacturers. The ADIN will
support business model innovation, creativity and innovation
within the manufacturing sector.

5 NEW TECHNOLOGY

The imperatives for manufacturing in Australia range from a
transition to high value, high tech manufacturing to more
recently, smarter manufacturing for a smarter Australia[3].
Both are a recognition that Australia cannot compete with the
low labour costs in developing countries in an increasingly
high cost economic environment. The Australian government
acknowledges that value adding through access to
knowledge and technology is an important factor in the future
of Australian manufacturing[34]. Value adding could be
achieved by investment many types of technologies, for
example clean technologies, lightweight robotics or additive
manufacturing, and is dependent on firm needs.

Alongside the need to value add to manufactured products
and transition to delivering sustainable, high tech
manufacturing, is the gradual shift from mass production of
goods to mass customisation. This was reported by CSIRO to
the Prime Minister's taskforce on manufacturing as of
increasing importance to Australia[3] and this is enabled by
disruptive technology such as additive manufacturing.

5.1 Driver - Competing in the Asian Century

A  major trend of direct importance to Australian
manufacturing is the rise of Asia. The scale of growth and
transformation in Asia was the driver behind the Australian
Government’s White Paper on Australia in the Asian Century.
This paper will help position Australia through the
recommendation of actions and policy initiatives to position
Australia for the Asian Century[35].

Forecast Asian growth is referred to as ‘The Silk Highway’ in
the CSIRO 2012 megatrends report. Data supporting this
megatrend are: by 2025, Asia will account for over half of the
world’s economic output [35], over a billion people will
transition from poverty to the middle class influencing global
demand for goods and services, the 2012 five year economic
outlook forecasts 8% per annum growth for Asia compared to
2-3% growth for advanced economies, China has strong
economic links with Australia as its largest trading partner,
China accounts for around 20% of the world’s population[16].

Another driver is to add value to Australia’s natural resources
such as titanium ore. Australia has the world’s greatest
reserves of titanium ore, much of which is being exported
without domestic processing. It is estimated that at current
rates, Australia has 90 years of titanium resource remaining.

The value of titanium alloy metal is 100 times the market
value of ore. If Australia were to grow its domestic processing
industry and convert ore to metal then it could theoretically
extend the life of the ore and add significant value to exports
[8]. New technology processes and additive manufacturing
technologies will enable Australia to develop high tech, high
value manufacturing opportunities in titanium products.

5.2 Enabler — additive manufacturing technology

Additive manufacturing (AM) is sometimes referred to as 3D
printing and has evolved from rapid prototyping to become a
disruptive technology with application for the manufacturing,
aerospace, health and infrastructure sectors. It works by
depositing material layer by layer onto a substrate. AM
technologies differ in the type of material used and the
bonding technique applied [36]. The general advantage of AM
is it uses less energy, produces less waste and can create
more complex products that are unable to be produced
through traditional methods [37]. AM can also increase speed
to market, time to manufacture and reduce costs [38]. These
benefits are aligned with the earlier definitions of sustainable
manufacturing.

AM is often referred to as a disruptive technology as it has the
potential to create new markets and products, and realise a
shift from mass production to mass customisation. It has been
referred to as the next industrial revolution for manufacturing
in advanced economies as it has the potential to provide
competitive advantage that is not based on low labour costs.
This may result in manufacturing returning to developed
economies like Australia and the USA, with products
produced close to markets. A key enabler to leveraging this
technology for competitive advantage are capability strengths
in designing and engineering fit for purpose parts and
products[39].

Despite the attractiveness of the technology there are some
challenges that remain to be overcome, for example;

e  security of designs and intellectual property [38]

. parts are constrained by machine size [40]

e the high costs of technology, equipment and materials
[37]

. product surface imperfections [37]

Some of these challenges create R&D opportunities to

develop cost effective, fit for purpose products with additive

manufacturing technology.

5.3 Innovation Example - Victorian Direct

Manufacturing Centre

The CSIRO has identified additive manufacturing as a key
opportunity for Australian manufacturers to leverage both
competitive advantage and the comparative advantage of
Australia’s natural mineral endowment. An innovation
example for AM technology is the CSIRO Victorian Direct
Manufacturing Centre (VDMC). It was originally established in
2010 and in 2013, secured additional funding from the
Victorian Government and industry partners to continue for
another 3 years. The centre applies cold spray additive
manufacturing technology to provide benefits for a number of
industry partners across a number of applied research
projects. The key benefits for the industry partners to date
have been:

. reduced production costs
. increased design capability
. greener production processes
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. more flexible production lines
. reduced material waste.

These benefits not only align with the definitions for
sustainable manufacturing but provide the basis upon which
to build a more competitive and sustainable Australian
manufacturing industry. As such, AM technology is a
strategically important innovation priority for Australia.

6 SUMMARY

The business case for innovation is clear; manufacturing firms
cannot prosper based on a business as usual approach. They
must respond to the competitive pressures brought about by
globalisation and low cost competition. All 3 innovation
strategies contribute towards greater sustainability for
manufacturing in  Australia by improving economic,
environmental and social conditions. For example, improved
resource efficiency can reduce input costs. Business model
innovation can result in new market opportunities and value
add to firms. New technologies can similarly create new
product and market opportunities while also reducing
business costs. These innovation strategies may also be
relevant to other developed nations.

Each of the strategies are also interconnected, for example :

. New technology development can result in greater
resource efficiency as in the case of Biofiba®.

e  Business model innovation can be driven by new
technologies as the case for Additive Manufacturing.

. Resource efficiency opportunities can be developed by
applying business model innovation as demonstrated by
the Tapex example.

Each strategy also contributes to the common elements in the
definitions of sustainable manufacturing. These are; reducing
environmental impact, conserving energy, applying world
class manufacturing and improving the profitability and value
of products to society and organisations.

7 CONCLUSION

Australian manufacturers are seeking opportunities to
become more competitive. Innovation is a critical lever to
achieving increased competitiveness and this is linked to
sustainable manufacturing. The 3 examples described in this
paper prioritise innovation strategies for industry. These are
not the only strategies by which to achieve either sustainable
manufacturing or increased competitiveness. However, they
are the author's view of the most important innovation
priorities for Australian manufacturers based on global trends,
government signals, industry challenges and opportunities.
These strategies are part of the solution to addressing the
decline currently occurring in Australian manufacturing. Each
strategy has the potential to improve competitiveness and
supports the goals of sustainable manufacturing for Australia.
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Abstract

The modern economy is becoming more dependent of environmental standards and orientation on international concept of

sustainable development.

The most important condition on the way of economy transition to an innovative way of development is preservation of human
vital activity-environment system equilibrium. Significant role in achievement of the country's economy strategic objectives
performs investment activities, which affects not only the conditions of human vital activity, but also on the ecologo-economic

system state.

At the paper, necessity to taking into account an environmental factor in the process of investment projects estimation is defined.
The projects efficiency criteria are suggested to calculate using the elements of the fuzzy sets theory, by mean of which many
uncertainties factors may be formalized and correctly considered in the estimation process. The approach promotes objective

justification of the investment decision.
Keywords

Fuzzy set, ecologo-economic estimation, investment project, sustainable development.

1. INTRODUCTION

One of the most pressing challenges on the way to
sustainable manufacturing is necessity to improve of the
enterprises  investment activity, taking into account
environmental aspects.

At a market economy conditions in the enterprise investment
activities management system must be considered a complex
of factors that influence the decision on the amount and
structure of capital investments.

Consider the features of the enterprises investment activity
improvement in the direction of strengthening its orientation to
the solution of environmental problems.

2. ENVIRONMENTAL FACTOR IN ECONOMY
2.1 Economic factor of ecological information

Consider the generalized index, which would reflect the
economic importance of ecological information [2, p. 54; 7, p.
56-57].

Assume [, - volume of ecological information, which can be
objectively received at the t moment of time, and [, - the
volume of this information, used in national economy. Then
the relation of K,. = I, /I; represents the demand coefficient
of ecological information.

On the fig. 1 qualitative dependence of K,. from one of the
most important economic indicators —gross domestic product
per capita is shown (GDP/N,,, N, - population size).

K, increases at growth of specific GDP, i.e. growth of society
welfare is inevitably connected with increase of the ecological
information weight, used in national economy. Two
conclusions can be done.

First of all, there is inverse monotonously increasing
functional dependence of GDP per capita on the economy's
demand for K,. ecological information (fig. 2) owing to the
K, function monotonicity.

It means that the GDP growth is directly connected with
improvement of society activity conditions and environment.

Secondly, ecological information starts to play an
appreciable role as object and an element of information
business only from a certain stage of the country economic
development.

0

v

GDP/N,

Figure 1: Qualitative dependence of K. from GDP per capita.

GDP/N,

+ Kee =L/ <1

»
»

1 Ko

Figure 2: Functional dependence of GDP per capita on the
economy demand for K. ecological information.
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2.2 Database of ecological information

The scheme of a two-level database of ecological information
is shown on fig. 3 [2, p. 51].

Development of secondary BIEI MM block
resources < >
v
Highly technological BCI Stability of territories Assimilation of territories
structure < > > projects
Information base of economy
\ 4 \ 4 l

Investment providing of economy

Figure 3: Two-level database of ecological information.

Information should be prepared and adapted for use in the
corresponding mathematical models of ecologo-economic
systems. Should be two interconnected levels:

. primary ecological information on a natural and
technogenic situation of territories (base of initial
ecological information — BIEl). It also includes
information about the limits of specific locations
environmental  sustainabilty in  the most
characteristic of them natural processes;

e such database, tariffing the regions, with
participates in the micro economical
communications, as objects of possible

technological development with a certain framework
(base of calculating information — BCI) created on
the first level ecological information basis through
the math models (MM) complex.

The analysis and improvement
(company's management team)

Continuous improvement

Measurement and assessment

Introduction and functioning

2.3 Management of environment

The environment management efficiency depends of the
enterprise readiness to conduct systematic management of
environment.
The enterprise, which control system includes management
of environment, possesses a basis for a balancing of
economic and ecological interests and can reach
considerable advantages in the competition. The potential
benefits connected with effective management of
environment, include:
. support from the state and the public;
. satisfaction to ecological requirements of investors
and expansion of access to the capital;
e improvement of reputation and increase in a market
share.
The model of enterprise environment control system is
presented on the fig. 4 [1]:

Responsibilities and ecological
policy

Planning

Figure 4: Model of environment control system.
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The model consists of the following basic elements:

1. Ecological policy. The enterprise should define the
ecological policy and incur responsibilities
concerning management of environment.

2. Planning. The enterprises should create the plan of
the ecological policy realization.

3. Introduction. The enterprise should create
possibilities and the mechanisms, necessary for
implementation of their ecological policy and
achievement of planned ecological indicators.

4. Measurement and assessment. The enterprise
should measure, supervise and estimate the
ecological efficiency.

5. Analysis and improvement. The enterprise should
analyze and constantly improve the environment
control system.

3. COMPLEX APPROACH TO INVESTMENT PROJECTS
EVALUATION

At the market economy conditions in the management of
enterprise investment activity should be considered a
complex system of factors, influencing to decision on the
amount and structure of capital investments. Among the
many factors, defining of the company investment strategy,

the main are economic and financial, sociopolitical and legal,
and environmental factors too [3, p.82].

There are the following reasons of environmental factors
consideration in the evaluation of investment projects:

v complexity of many factors impact on the
environment accounting due to their diversity;

v' absence of methods that allow to give a complex
evaluation of the investment projects efficiency;

v' weak institutionalization of relations in the sphere of
compensation for damage, caused to the
environment.

These circumstances cause necessity of ecologo-economic
evaluation of investment projects methodology development.
Such assessment would allow to determine project
performance indicators and to draw conclusions about its
desirability and feasibility by means of calculation
consequences of impact on the environment in monetary
terms.

Use of this methodology will allow to evaluate and grade the
investment projects, depending on the environmental
equilibrium level and economic efficiency.

At the fig. 5 algorithm of the investment projects ecologo-
economic evaluation is shown.

Economic
Stage > Analysis of ecologo-economic Social
1 relations
Ecoloaical
v Economic
Stage . .
5 Identification of the project results Ecological
Social
Socioeconomic
| Value appraisal of suppositional
d damage and benefits from the investment projects
Calculation of ecological flow
Integral ecologo-economic effect Integral costs effectiveness index
v
Stage g Calculation indices of the investment projects
3 o effectiveness
/ \ 4
[ nev | [ oee | | RmR |

| Choice of the proiect

Figure 5: The algorithm of the investment projects ecologo-economic evaluation
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3.1 Valuation of suppositional damage and benefits from
the investment projects realization

Consider in more detail the second stage of algorithm. After
identification of the projects results, valuation of suppositional
damage and benefits is carried out.

Understanding of the project ecological component valuation
is based on the components such as operating and investing
activities. Because investments on implementation of
environmental protection - is an element of a cash flow from
investing activities, and operating costs of environmental
protection equipment - an element of a cash flow from
operating activities.

Accumulation in one cash flow of environmental support of
the project costs, and then defining environmental impacts,
both positive and negative, in value terms, will allow [5, p. 64-
72

v'identify the dependence between the ecological
costs volume and volume of ecological results;

v' determine the optimal level of said indicators ratios
to achieve adequate level of the project
environmental safety;

v' determine integral indicators of the ecological costs
efficacy.

Consider the method of investment project ecological flow
calculation [5, c. 64-72].
Ecological flow value is calculated as:

F¢ =1I¢ = 0¢, M

where If is environmental component of cash inflow;
03 is cash outflow;
t is a step number of calculation, which takes values from 0 to
T.
The positive impact of the project on the environment
contributes to following benefits (Bf):
v' production output is increased due to development
of the recycling of wastes system;
v' the market of environmental works and services is
expanding;
v"investment prospects of the region or industry is
increased.
We can distinguish the investment and operating costs for the
environmental character measures implementation by means
of the cash outflows 07 environmental component
consideration.
A conditionally suppositional damage valuation D¢4P s
accepted as a value of the ill environmental effect.
Conditionally suppositional damage - is the
valuation of potential losses and negative changes in the
environment due to investment project implementation.
Depending on the loss wording and the object influence
characteristics, it can be identified economic, ecological,
social and socioeconomic investment project implications.
Thus, the conditionally suppositional damage can be divided
into economic, ecological, social and socioeconomic.
Conditionally suppositional economic damage
- is the loss of products, services, equipment, fuel, energy,
raw materials and other materials as a result of waste and
irrational resources use.

Conditionally suppositional ecological damage
- refers to a state of ecological systems and natural
resources.

Conditionally suppositional social damage D45 —
represents increase of psychological stress on the population;
decrease in length and quality of life.

DCAE

DCAECO

Conditionally suppositional socioeconomic damage
- is the costs for social security and health care, due to
increasing incidence as result of environmental pollution.
To determine the social losses the most effective approach
the expert evaluations method is used. Experts are asked to
estimate the social losses coefficient KL, which ranges from
1to 2:

DCASE

v, 1 - the factor is insignificant for social
repercussions of the project;
v 1,25 - the factor is inessential for social

repercussions of the project;

v 1,56 — expert can’t say anything definite about
impact of the factor;

v 1,75 - the factor is
repercussions of the project;

v' 2 —the factor value is obvious and is very essential
for social repercussions of the project.

Social losses coefficient KL is determined by the formula:

essential for social

KSL — E%:lpim (2)
T
where P, is estimation of i-th factor value by expert m; M is
number of experts.
Total value of conditionally suppositional damage
caused by the investment project can be represented as
follow:

DCAD — (DCAE) + (DCAECO) + (DCASE)KSL. (3)

DC4D yalue should not exceed the conditionally suppositional

normative damage (D¢AP™OT™M)  which is calculated in
compliance with normative indicators of environmental
quality. To account for the ratio of normative and conditionally
suppositional damage in the investment project effectiveness
evaluation should be calculated eco-index of the project:

CAD
JECO — _Dr (4)
t - yCAD,norm-
t

If the eco-index value is greater than 1, it means the
permitted damages are exceeded. Taking into account (4)
eco-flow model can be represented as:

FE=1F —0F = BE — [DE™ + OFIF). (5)
Now one can calculate the key efficiency indicators of the
investment project, based on the cash flow from investment
(F'V), operating (F©) activity and eco-flow (FF), consisting in
return, of the project cash inflows (I'V), (I°), (I¥) and
outflows (0'V), (09), (OF).

Integral ecologo-economic effect calculated by the
formula:

IEE _ poSLyT FEYAFOHFE
E'EE = gSLYT R (6)

where E is the discount rate. The project will be considered
effective if E'E€ is a positive [5, p. 64-72].
Integral costs effectiveness index:

T( IV o] E
IEC _ st 20U +IP+IF)
T = K S omog+op) @)

The criterion of cost effectiveness is the ratio:
I'EC > 1 (8)

3.2 Indices of the investment projects effectiveness

Third stage of the algorithm (fig. 5) involves the
calculation of indices of the investment projects effectiveness.
Companies must evaluate a potential projects maximal
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qualitative and in a short time at the estimation and choice of
the investment projects process. As a rule, the degree of this
projects elaboration is very low and therefore, there is limited,
inaccurate and incomplete information for them. In such
circumstances, it is difficult and inappropriately to use of
standard approaches to the projects evaluation, due to lack of
information.

In such situation, the most effective is use fuzzy
sets theory elements, through which many uncertainties
factors may be formalized and properly taken into account [6,
p. 559-563]. The fuzzy-multiple methods significant
advantages include the possibility of uncertainty accounting
not only during the efficiency calculation, but also in the cash
flow of the project forming process.

The obvious advantages of the fuzzy sets methods
include:

v the possibility of formalizing the many uncertainties
factors, that described by natural language;

v no requirement to gleichheit form of the
membership functions;

v' unlimited number of scenarios for the project
development;

v tools to reduce subjectivity of the expert estimates.

The possibility of using information in the fuzzy form
at the investment projects analysis and the construction on
the basis of a cash flow provides wide range of information for
analysis of the project attractiveness to researcher.

Generally accepted indices of the investment
projects effectiveness (NPV, DPP, IRR) need to calculated
under condition, that cash flows has a fuzzy form for objective
substantiation of the investment decision. And for the most
complete analysis it is necessary to present the indices in the
crisp and fuzzy form. Consider the methods of NPV, DPP and
IRR calculating for the case, when fuzziness of the project
parameters is modeled with standard membership functions.
If cash flows represent a fuzzy numbers net present value is
calculated by the formula:

Tn;—out;

NPV = 3y, B ©

where t =1,2,..,n is number of periods; In,, Out, are
volumes of revenues and expenses respectively presented in
the form of fuzzy numbers; 7 is discount rate (crisp number).

If cash flow components has a membership function standard

form, NPV will also be in the form of fuzzy numbers, because
addition, subtraction of fuzzy numbers and dividing by the
crisp number does not change the original form of fuzzy
numbers.
Also if the discount rate consider as a fuzzy number, the
division of fuzzy numbers result does not retain the original
standard form. If the discount rate is low, it's possible values
dispersion is also small; then the membership function
curvature of a fuzzy NPV is negligible and can be ignored.
Determination of the internal rate of return in the
classical formulation is to solve for the unknown variable IRR
equation:

n  Ing—Out,
t=1 (1+IRR)t

=0. (10)

The left-hand side of equation (10) is an fuzzy number, and
the right is the crisp number of zero. To be able to correctly
perform mathematical operations at the indicator calculation
process it is necessary to transform the equation so that right
and left sides were agreed.
v" One option is to change the form of the right part,
which can be interpreted as a fuzzy zero. This fuzzy
zero is characterized in that the maximum degree

of membership to this fuzzy number should be zero
for crisp number.
Convex fuzzy number A, the base of which is a set of real
numbers X, called fuzzy zero if

1a(0) = sgp(uA(x)). (11)

The value of IRR, found in the equation (10), can be
interpreted as the discount rate at which net present value
equal to fuzzy number; the membership function of this fuzzy
number reaches a maximum — 1 in a zero number. This
approach is easy to use and single-digit in cases, where the
triangular fuzzy numbers is operating. If the fuzzy numbers
involved at the calculations are complex form, it is supposed
to use the second method for calculating the index.

v The second way is backward transformation -

bringing to the crisp form the left side of equation:

Ing—Out
defuzz( r (1:—1RR)£) =0, (12)
where defuzz(+) is one of the functions that allow compare of
the argument crisp value of its value represented by fuzzy
number. If cash flows are expressed in fuzzy numbers of
standard form, the equation can be solved explicitly. When
cash flows are arbitrary fuzzy form, IRR is calculated by the
exhaustive search of the desired parameter values until is
equality in the equation, with a required accuracy, is reached.
Calculation effectively carried out using of Matlab software
environment.

Thus, the general to IRR:

n Ti-OuE;\ _
defuzz( 1 (1+ﬁ)t) =0 (13)

equation with respect

may have more than one solution, and analyst needs an
additional condition for the final selection. Such condition can
be the function value, which consists of two components, that
characterize IRR fuzzy value. The first component is a
defuzzification value of IRR: defuzz(IRR).

This value should be minimized, which corresponds to the
classical case of IRR precise meaning estimation, when there
is more than one solution of equation (1), from which the
minimum value of IRR selected. The second part of the
function represented by the component, which formalize a
fuzzy set fuzziness measure. Fuzziness measure can be
defined as a distance from the fuzzy set A to the nearest crisp
set 4.

A crisp set, nearest to the fuzzy set A with membership
function u, (w)(u € U), is a subset 4, of the set U, whose
characteristic function is determined by the formula [4, p. 26]:

1,if ug > 0,5;
lor0,if uy=20,5

Hay =

A fuzziness measure can be formalized in the functional form
described by the formula, using the Hamming distance:

fuzziness(A) = [ [a () — qu(x)ldX. (15)

For the fulfillment of the 0 < fuzziness(A) < 1 condition,

the above expression must be divided by the 1/2 fE dx. A
fuzziness measure of the required internal rate of return -
fuzziness(IRR) should be minimal. Therefore, the second

component of the function, requiring of minimization, can be
represented by the following formula:

47


http://www.multitran.ru/c/m.exe?t=14882_1_2
http://www.multitran.ru/c/m.exe?t=3572307_1_2
http://www.multitran.ru/c/m.exe?t=847359_1_2
http://www.multitran.ru/c/m.exe?t=3480056_1_2
http://www.multitran.ru/c/m.exe?t=2524911_1_2
http://www.multitran.ru/c/m.exe?t=1679304_1_2

A. Borlakova

fuzziness(IRR) = Jx |uﬁ(x) — HRR, (x)| dx. (16)

The discounted payback period DPP is the final form of the
function, which should be minimized:

fuzziness(ﬁ) + defuzz(ﬁ) - min. (17)

There are two methods of the payback period calculating.

v" Under the first method, the crisp form DPP for the
net cash flow can be determined, based on the
comparison of fuzzy numbers method, with using
membership  function  defuzzification  value.
According to this method, the formula for DPP
determining in the case when all the parameters of
the project are specified in the fuzzy form, takes the
following form:

ppp TE=0UE; _
defuzz (Zt=1 REET ) =0, (18)
where DPP is discounted payback period;

defuzz(*) is defuzzification function.

v The second method is constructed on the fuzzy
numbers principles of ordering, based on fuzzy
relations. Comparison of the defuzz(-) function
argument fuzzy values from the left side of (18) with
zero can be achieved by comparison of fuzzy
numbers. One way is to compare the membership
functions maximum values, corresponding to the

different variants of NPV (DPP) fuzzy values
mutual relations under different DPP and zero
values.

The above methods of the investment projects effectiveness
estimation in the form of fuzzy numbers allow to valuate the
projects comprehensively with a high degree of information
uncertainty about the project implementation.

4. SUMMARY

So, according to the proposed method of ecologo-
economic evaluation, based on the investment projects
effectiveness indices (NPV, DPP, IRR) and also valuation of
suppositional damage and benefits from the investment
projects realization integral ecologo-economic effect and
integral costs effectiveness index selects the investment
project.

Thus, the ecologo-economic evaluation of the project is an
important investment designing tool.

Businessmen and the government should provide
sustainable, environmentally acceptable development by
limiting or even eliminating of the investment projects
negative impact on the economy, ecology and population by
implementing such assessment.

Thus, the problem of improvement the enterprise investment
activities, taking into account an environmental factor, should
be tackled on a joint of investment management problem and
economic aspects of environmental problems, using
mathematical models
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Abstract

Companies are aware of long term benefits of sustainability, and that in the future the competitive landscape
will change. However, financial concerns slow down the sustainability development process.

This article aims to explore how companies move toward long term benefits of sustainability without
compromise in their financial objectives in short term. This study focuses on investigating how companies use
sustainability index tool as a component of short term strategy.

Findings indicate that companies try to simplify the sustainability assessment and combine it with other
decision making tools. This simplification is toward finding potential improvements in the product level.
Results are summarized in a model which corresponds to the short term strategy development process
toward sustainability. This model describes how company identifies critical products based on financial,
strategic and sustainability aspects. The investigation has been performed at children’s IKEA in Sweden.

Keywords:

Critical products; Product sustainability index; Strategy; Sustainability implementation; model

1 INTRODUCTION

Due to the increase of customers awareness and their
demand for more sustainable products, tougher legislation
and limits in resources, companies have started to embrace
environmental sustainability [1-4]. There is no way to ignore
the important role of manufacturing industries in
transformation toward sustainability [5] and there are long
term financial and non- financial benefits for companies that
adopt sustainability initiatives[6-8] Despite the foregoing,
most companies have not moved toward sustainability [9] or
“Sustainability is still separated from core business
development” [10].

The major issue which slows down the process of adopting
sustainability initiatives is not the lack of proper technology or
materials, the reason is that companies find it difficult to
compete with other rivals who have not invested in
sustainable products [11]

Sustainability has been an important issue in IKEA in many
aspects but recently sustainability is considered as the forth
cornerstone in IKEA’s business to be integrated in long term
strategies [12].

The purpose of this study is to model the company’s
approach in implementing sustainability tool. This model
describes how company narrows down product categories to
reach critical products.

Results indicate that company’s strategy in short term is
focused on finding critical products using the sustainability
assessment tool.

1.1 Sustainability Product Scorecard

SPS, Sustainability Product Scorecard, is a tool developed by
I0S (IKEA of Sweden) in order to measure sustainability and

classify the products in two groups of more sustainable and
less sustainable. SPS consists of eleven weighted criteria,
Eight of which are directly related to the product itself and the
other three are related to suppliers [12]

2 RESEARCH METHODOLOGY

In order to fulfil the research objective, an initial exploratory
research is carried out. This approach helps to have a
comprehensive view of the current situation of the company.

This case study is a combination of quantitative and
qualitative analysis of the obtained information. Both
qualitative and quantitative analyses are interrelated and
support each other in different stages of the study. In some
stages of the research the results of quantitative analysis
have been used as input data for the qualitative analysis.

Inputs Outcome
s
Int | Interviews
nterna
documentatio Qualitative Pattern
analysis -
A
v
Literature Quantitative
experiences analysis Results

Figure 1: Example of picture scanned into the paper.
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A literature review has been conducted on similar cases
where sustainability is being implemented, and the results are
used as another input for this research. The sustainability
index is a rather young tool in this case. The organization is
not completely adapted to it, and there are lots of information
sources connected to this tool which are not perfectly
organized. Therefore, the nature of this study is exploratory
and the undertaken methodology provides a frame for
evolving the questions in interviews and systematic use of
qualitative and quantitative information. Additionally, this
framework is less time consuming and helps to avoid being
locked in unnecessary information or detail.

2.1 Interviews and document review

The conducted interviews are structured and unstructured
interviews. The advantages of unstructured interviews are
supporting the exploratory approach of the thesis, and also
providing an open dialogue. Quantitative analysis has taken
advantage of grounded theory in categorizing information and
finding patterns and relationships.

Figure 1 gives an overview of the method used to complete
this research.

3 BACKGROUND

When it comes to implementing sustainability, there are three
major dimensions that companies would like to focus upon:
measuring sustainability, prioritizing between potential

investment for improvements, and simplification of tactics
and strategies toward sustainability [9].

It is stated in literature that if companies really intend to
support sustainability development they should align and
integrate tools and methods for sustainable product
development into the general decision-making process [4, 13-
17].

It is suggested that companies should integrate sustainability
into their business, and support goals with decision making
tools. It is crucial to have a strategic platform toward creating
a win-win-win situation in which, customers are satisfied with
the prices, environmental impact decreases and company
does not compromise on financial objectives [4]. This
strategic approach will help companies to decrease the
chance of sudden costs [10]. It is stated in literature that
setting the goal is the prerequisite to be able to be strategic
[9, 18]

Case studies and ongoing sustainability projects in
companies show that in first steps of sustainability adoption,
companies try to simplify the life cycle of products and focus
on the most important stages of life cycle [19-22]. The
outcomes of this life cycle simplifications are different tools
and indexes developed by companies. These tools are used
to assess products in order to categorize them in terms of
sustainability.

LCA as a tool for evaluation of the product design alternatives
has fallen short, the reason is that sometimes a huge amount
of exercises could be locked in deep details which are
confusing and time consuming [23] There have been several
attempts in order to simplify LCA [24].

For example Ford developed a product sustainability index
named PSI. Ford’s sustainability tool has eight indicators
(criteria) to simplify the life cycle of the products, and by
applying it to some products reached significant
improvements [22] It is interesting that Ford started with PSI

tool and later on products were assessed based on the
external standard of ISO 14040 which confirms the
significant improvements [22].

Another example is Walmart, they have developed an index
that represents the LCA assessment named “The
Sustainability Consortium” (TSC). Their index consists of 15
questions which mainly focus on suppliers. It is interesting
that, the same as IKEA[19], they are applying this index to
particular product categories and also their aim is to integrate
this tool in their core business. They also believe that by
using this tool and moving toward sustainability, Walmart
gains competitive advantages in terms of transparency and
price [21, 25].

IKEA has made the same attempt to simplify the life cycle
and assess environmental impacts in different stages of the
prodocts’ life cycle. There are eleven criteria considered in
IKEA’s sustainability assessment tool. Each criterion falls in
different stages of life cycle to focus upon.

4 RESULTS

The results from 20 interviews and meetings and other
observations in this case study are presented below.
Additionally, the quantitative results are presented in
separated sections to be used in the model development.

4.1 Sustainability assessment tool

Based on interviews, managers believe that, small
improvements in  environmental impact considering
company’s huge production scale have a significant positive
influence on environment.

4.2 Goals

The company’s sustainability goal is based on sales values,
70% of the sale value should be classified as More
Sustainable in 2015.

More sustainable is a term used for products that get certain
points or more according to the assessment tool.

As a result of such a goal, the other products which are
bigger in number but have smaller sales values get ignored to
some extent when it comes to sustainability improvements.
This approach declares that in short term, by focusing on
best selling products, maintaining the sale growth is of a
higher priority in comparison with sustainability.

Interviews with marketing managers show that the best-
selling products have an important role in shaping the brand
image, and making those products sustainable will be a great
competitive advantage in terms of sustainability.

It is clear that categorising products based on sales values
represents the financial concerns of the company but there is
no way to ignore the higher risks. In that regard, managers
are looking for a way of finding solutions, in the product level,
in order to avoid higher risks and also improve the brand
image by having sustainable best-selling products. This
approach corresponds to ABC classification of the products.

4.3 Financial analysis

As mentioned, by setting the goal based on the sales values,
improvements are focused on best-selling products. This
approach corresponds to the ABC classification of the
products. ABC analysis comes in handy to understand the
way of using the tool in terms of assessment. In other words,
it draws the management attention to the best-selling
products.
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This analysis describes how the company categorises the
articles and narrows them down. As illustrated in figure 2, A
class products constitute 70% of the sales values, although
they represent only 14% of all the products.

B class
20%

Figure 2: ABC analysis based on sales value.

ABC analysis proposes that products do not have equal
values, therefore they are categorized in three groups (A, B,
and C) in order of their importance (in this case, sales value)
[26].

Like Pareto’s principle, a small number of products have a
large share of sales value, but there is no certain portion for
each class [27]. Since this financial analysis is focusing on
the current situation and future is less considered thus, there
is a need for a combination of strategic and financial analysis
at the same time in order to identify which products are
financially and strategically important.

4.4 Sustainability assessment analysis

As illustrated in figure 3, after sustainability assessment of all
products with sustainability tool, 45% are classified as more
sustainable which. When we combine these results with ABC
analysis, 79% of more sustainable products are A class, 14%
B class and 7% C class.

The combination of sustainability assessment and ABC
analysis declares more sustainable products are mostly from
A class.

These results also support the results from interviews which
indicate that the company is focusing on best-selling products
for sustainability improvements. This analysis is used as an
input for complementary interviews.

More
sustainabl
e
45%

Figure 3: Sustainability status based on company’s tool

5 STRATEGIC ANALYSIS AND LIFE CYCLE ANALYSIS
(LCA)

The complementary interviews with focus on financial and
sustainability analysis show that, there are concerns about B
class and C class products that are growing and will join the
A class products in future. Therefore, ignoring those products
would not be wise.

Results show that, as illustrated in figure 4 some products
that have high sales values (A class) will be soon declined
from the market. In other words, these products are in A
class but are close to the end of their life cycle (decline
stage).

3

I I
Grow | Maturity I
I

Introductio Declin

|
B Class I

»
»

Figure 4: ABC analysis combined with life cycle analysis.

Documents show that the company uses Boston Consultant
Group (BCG) matrix as a strategic tool in order to analyze its
strategic position in the market compared to other
competitors. The other interesting results of investigating the
internal documents and complementary meetings show that
the company has done the strategic analysis for products in
A class.

As shown in figure 4, Considering the ABC analysis and BCG
results From Boston Matrix perspective, there are products
that represent cash cows in the matrix, and they are in A
class, but soon they will be declined by the market and turned
to the dogs. On the other hand there are products that
represent stars in the matrix, and are growing in terms of
market share. Additionally, findings show that there are some
B class products that will be in A class in future, considering
their growing market.
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6 MODEL DEVELOPEMENT

Based on evidence and internal documentations, as
mentioned in sustainability analysis, mostly products that
have high sales values were focused on, for sustainability
improvements. After conducting interviews in that regard,
results showed that it was not a deliberate reaction based on
a clear road map. By combining other tools and analysis, the
company learns that A class products are more important in
terms of sustainability. This approach is modified by other
tools such as Boston matrix and lifecycle analysis.

This model shows how the company tries to identify critical
products by narrowing down all products using these three
dimensions to find out critical articles, which are strategically,
financially and sustainability important. Combining the
company’s approach strategy and this model will answer the
research question.

Combining all results from previous analyses delivers a three
dimensional model (figure 5). Therefore, all A class articles
which are strategically important and (stars in BCG matrix)
and also not going to be declined from the market are
company’s critical articles. As mentioned, critical articles play
an important role in the early stages of sustainability
implementation.

ABC
Analysis
Critical <
products financial Sustainability
analysis
BCG
Analys;\
And . . -
Life strategic sustainability
cycle
analysis

Figure 5: The developed model to find critical articles

These products, critical products, are the ones that company
will focus upon for sustainability improvements. This model

1. Testa, F. and F. Iraldo, Shadows and lights of
GSCM (Green Supply Chain Management):
determinants and effects of these practices based
on a multi-national study. Journal of Cleaner
Production, 2010. 18(10): p. 953-962.

2. Spangenberg, J.H., A. Fuad-Luke, and K. Blincoe,
Design for Sustainability (DfS): the interface of
sustainable production and consumption. Journal
of Cleaner Production, 2010. 18(15): p. 1485-
1493.

3. Ammenberg, J. and E. Sundin, Products in
environmental management systems: drivers,

represents the combination of short term strategies of the
company.
As can be seen in figure 5, combining financial analysis (ABC
analysis in this case), strategic analysis (BSG and LCA in this
case) and sustainability assessment (SPS in this case) leads
to a model which is focusing on the product level.
This model describes how the company moves toward
sustainability without compromising in their financial
objectives in short term. Sustainability index tool as a
component of short term strategy is combined with financial
analysis in order to consider financial objectives. On the other
hand, strategic analysis is the other component of the model
which addresses the products which are currently significant
and also in the future.
7 SUMMARY
As mentioned, companies try to simplify the life cycle of
products and make sustainability index (tools). The internal
acceptance and fast evaluating process compared to other
techniques e.g. Life Cycle Assessment are the main reasons
behind this simplification.
By approaching products with high sales values and low
sustainability, companies have difficulties to find critical
products not only based on sale but also based on
sustainability, therefore they try to categorize products with
combinations of tools.
It is concluded that in order to reach sustainability goals
companies strategy in short term are:
e To be very tool oriented and try to simplify LCA to
enhance adoption process.
e  Still having a higher priority for financial aspects
. Focusing on product level for improvements to find
critical articles to reach the goal
8 FUTURE RESEARCH

The following research questions are recommended for
further research in this context:

manufacturers and consumers have very different
perspectives on the importance of different sustainability
elements [23] how can sustainability index(tool) consider
both perspectives?

What is the relationship between companies’ sustainability
strategy and competitive advantage?

How positionening in the market regarding sustainability
could be identified?
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Abstract

Adoption of lean manufacturing generally involves waste reduction and its adoption has been successful in
improving companies. With increasing awareness on the need for sustainable development, works have been
done on sustainability assessment of product design and manufacturing processes. The sustainable
manufacturing, 6R method can be adopted to improve the existing design and manufacturing sustainability
scores. A conceptual hybrid framework integrating lean manufacturing with sustainable manufacturing theories
has been developed thus enabling the benefits from both techniques to be gained. Specifically, the lean
manufacturing, value stream mapping tool is integrated with the sustainable manufacturing, 6R method to
assist in solving manufacturing problems at process and or plant level sustainably. An indicator, providing the
sustainability scores on value adding and non value adding elements at present and future state, has been

proposed as part of the framework.

Keywords: Lean Manufacturing, Value Stream Mapping and Sustainable Manufacturing.

1 INTRODUCTION

Manufacturing has become the backbone of a nation’s social
and economic growth and an enabler for improved standard
of living [1]. Sustainable development is the fundamental
element in  sustainable manufacturing.  Sustainable
development is supported by three pillars, viz. economic,
environment and social. The United Nations' Brundtland
Commission (1987) defines sustainable development as:
“Development that meets the needs of the present without
compromising the ability of future generation to meet their
own needs".

The Brundtland definition is fundamentally in line with
sustainable manufacturing. The natural resources which the
earth provides in the form of raw materials used for
manufacturing products are finite and non renewable.
Depletion of these raw materials through unsustainable
practices will cause hardship to the manufacturing
community. The manufacturing sector despite its positive
contribution to development produces industrial wastes which
pollute the environment. Thus, sustainable development
concept has been seen to provide a solution for
environmental impact. Sustainability improves societal
standard and enhances the availability of resources and
ecosystem for current and future generation needs [2]. The
motivation for the development of this sustainable domain
value stream (SdVSM) framework is to overcome the critics of
lean manufacturing. The critics lamented that lean
manufacturing place less emphasis on human factor or
societal lagging and it is shop floor based [3]. Hence by
integrating the sustainable triple bottom line pillars, lean will
cover all aspects viz. societal, economical and environment
waste.

2 SUSTAINABLE MANUFACTURING

Manufacturing invariably involves a business which involves
products that have been produced based on some market
demand. In any business there is a need to be competitive in
order to gain more market share. By adopting sustainability,
an organization will gain competitive advantage which
enhances its survival [4]. By employing sustainability,
environmental related issues will be prevented thereby
reducing the product cost [5]. Sustainability is a cross over
between the environment and product design [6]. Sustainable
manufacturing paradigm introduces environment concerns in
product design stage [7]. An environment conscious product
improves product quality and market share [8]. Figure 1
shows the evolution of sustainable manufacturing over time.
The stakeholders’ value and involvement increases with the
evolution and innovation [9]. Sustainable manufacturing at the
system level is viewed as the multiple life cycle of the entire
supply chain. The life cycle stages are categorized as pre
manufacture, manufacture, use and post use phase [10]. On
the other hand, [11] has broken the product life cycle into five
stages: Pre manufacture, manufacture, product delivery, use
and recycle. There was a need for the evolution from 3R to
6R methodology at product level so as to enable the migration
of the product life cycle from an open loop to close loop and
with multiple life cycle [11]. At the process level in order to
achieve sustainable manufacturing, the technological
improvements and process planning are the key drivers for
reducing resource consumption, energy consumed, waste
and environmental impacts [12]. Lean tools are used to solve
manufacturing problems in a company [13]. Fusing lean
manufacturing technique and sustainable development will
improve quality, reduced cost, reduced delivery lead time and
improve customer satisfaction [14].
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Figure 1: Evolution of sustainable manufacturing [9]

In lean manufacturing, a continuous identification and
elimination of waste in the process is the primary philosophy.
Eiji Toyoda and Taiichi Ohno developed this lean approach in
1950s and 1960s at Toyota [15]. A waste in a process is
defined as other than the minimum amount or quantity
required for equipment, parts, materials and working hours in
a production or process [16]. Taiichi Ohno had defined seven
common forms of waste. This waste purely contributes to the
cost but no value. Polarization of resources was introduced
as an eighth waste. A conceptual resource mapping
framework was applied for polarization resource waste. The
polarization meant here was by aligning the resources to
maximize value adding contribution [17]. List of Ohno waste
[18] and [17], as the eighth waste; production of goods that
not yet ordered, waiting, rectification mistakes, excess
movement, transport, excess stock and polarization
resources.

Value in products is defined as the premium that customer is
willing to pay for [15]. In any value stream of manufacturing,
an approximate 5% is value adding activities, 35% are non
value adding but necessary and 60% non value adding at all
[16]. Reference [19] classified the values in internal
manufacturing as value adding (VA), necessary non value
adding (NNVA) and non value adding (NVA).

The value stream mapping has seven types of tool. Table 1
shows the seven types of value stream mapping tools and its
usefulness [20]. Value stream mapping is a lean tool which
involves a paper and pencil tool with fixed icons that is a
cheap and easy to use [21].

A value stream mapping provides a visualization of the
material and information flow in the company and or even
supplies chain, thus facilitating decision making to improve
the value stream [22]. Traditional value stream mapping
improvements are accomplished by employing lean tools.
Sustainable indicators comprised of triple bottom line where
economical, environmental and societal impacts measured.
Indicator is “a measurement or aggregation of measures from
which conclusions on the phenomenon of interest can be
inferred” [23]. The Sustainable Measures Group has
established the criteria for the indicator [24]. The criteria are
measurable, relevant, reliable, accessible, timely manner and
long time oriented. Fulfilling the indicator criteria will ensure
accurate data, appropriate decision making and ease
representation in qualitative or quantitative. Table 2 provides
a summary of literature on various sustainable indicators.

3 SUSTAINABLE DOMAIN VALUE STREAM MAPPING
CONCEPTUAL FRAMEWORK

Sustainable Domain Value Stream Mapping (SdVSM)
conceptual framework is the integration between lean
manufacturing and value stream mapping tool [20] with
innovative 6R sustainable manufacturing methodology [25].
Part of the framework consists of visualizing the sustainable
indicators based on sustainable scoring method. The
framework has two dimensions, first is the lean manufacturing
dimension. Here a modified value stream mapping was used
to identify the waste in the manufacturing system. In value
stream mapping there are seven types of tools and in this
model the process activity mapping will the tool. Process
activity mapping tool is the simplest tool used to map any
process into activities. This tool is easily applied to process,
plant or product level.

The second dimension is the sustainable manufacturing
element. In this element, 6R methods have been used as
tool; reduce, reuse, recycle, recover, redesign and
remanufacture.

Table 1: Seven value stream mapping tool with usefulness [20]

Seven Stream Mapping Tools

High Correlation and Usefulness in Waste (Ohno)

Process Activity Mapping

Waiting, Transport, Inappropriate processing and unnecessary motion

Supply Chain Response Matrix

Waiting and unnecessary inventory

Production Variety Funnel

Inappropriate processing and unnecessary inventory

Quality Filter Mapping Defects

Demand Amplification Mapping

Unnecessary inventory and overall structure

Decision Point Analysis Overproduction

Physical Structure (a) volume, (b) value

Overall structure
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Table 2: Literature on various sustainable indicators [23]

No. Sustainable Indicators

Summary

1 Global Report Initiative (GRI)

Organization level reporting that covers sustainable
development three dimension pillars.

2 Dow Jones Sustainability Indexes (DJSI)

Only top ten percent of companies that is listed in Dow
Jones Global Total Stock Market Index. It is a financial
and sustainable assessment for investment.

3 2005 Environmental Sustainability Indicator (ESI)

A country or region level environmental evaluation
developed by Yale University.

4 Environment Performance Index (EPfl)

Measures the environment stress at country level and
complement the ESI. Developed by Yale University.

CsD)

United Nations Indicators of Sustainable Development (UN

Evaluate the degree of sustainability in a country or
regional level.

(OECD) core environmental indicator (ECI)

Organization for Economic Cooperation and Development

Monitors sustainability indicators of a country.

7 Ford Product Sustainability Index (Ford PSI)

Specialized to automobile manufacturing and service.

International Organization for Standardization (ISO)

8 Environmental Performance Evaluation (EPE) standard (ISO

14031)

Specifically covers environmental indicators.

9 Environmental Pressure Indication for European Union (EPrl)

Assessing human activities that given environmental
impact.

101 (NISTEP)

Japan National Institute of Science and Technology

Indicators that counts the sustainable technological
advancement.

1"

csl)

European Environmental Agency Core Set Indicators (EEA-

Environment improvement indicators for European
Countries.

Reduce refers to first three stages of product life cycles and
attempts are made to reduce the use of resources, materials
and energy at pre-manufacturing and manufacturing and
reduce the waste generated at the use stage [25]. The reuse
method is accomplished by reusing the material and energy
of a product or component from the first product life cycle to
the next life cycle. This method minimizes the usage of raw
material for the same product. Recycle is a process of
transformation of product at the end of life cycle to a new
product. This saves the product to be sent to landfill. The
recover is a method of recollecting the used or end of life
product and then to be sent for disassemble and cleaned for
the next process or life cycle. Redesign where products are
simplified at design stage for sustainability for example the
concept of design for environment (DfEnv) or design for
sustainability (DfS). The sixth R is remanufacturing where the
process involves re-processing used product to its original

state of design. This is accomplished by reusing the sub
parts and parts without loss of functionality of the entire
product.

The authors have developed a conceptual framework; see
Figure 3 for the SdVSM framework matrix. The entire
conceptual framework has tangible and intangible
components. The intangible component is the ideology of the
framework structure whereby the user will be guided by a
series of flow chart type instructions for implementation. The
tangible part of the framework consists of a visual
sustainability score indicator. This indicator is visualization
schematic that gathers sustainability parameters and
generates sustainable scores for value adding (VA) and non
value adding (NVA). The ideology and visual schematic are
driven by SMMIAI methodology for sustainable
manufacturing. SMMIAI consists of seven steps of action.
Each step has its own define function that requires different

Table 3: SdVSM Conceptual Framework Matrix.

SMMIAI METHODOLOGY . SU.STAINABILITY PILLARS .
Social Environmental Economical
Select Select study domain at plant level or department level.
Ma Map the activities using Sustainable domain value stream mapping tool (SdVSM). At this stage
P VA and NVA activities will be identified.
Measure Measure the associated parameter of activities and compute sustainability scores based on
SMIR 2013. Sustainable score will quantify the value adding and non value adding activities.
Improve Improve problem area viz. activities with low sustainable scores and as well as NVA activities.
Analyze Analyze the before and after sustainable scores across the activities after 6 R improvement.
. Indicate graphically the before and after improvement sustainability score for value adding and
Indicate . - .
non value adding activities using SdVSM
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Select a process/plant

level

Indicate using a
dashboard style the
sustainable score in %

quadrants.

Analyze the energy before
& after improvement.
Correlate the benefit

quantitative lean energy
to Social, Economic and

Envirenmental Qualitative

analyzer

Map the process using
VSM (process activity

mapping)

Measure the energy
parameter along the
value stream

Improve the waste using
sustainable
manufacturing 6”"R”
technique

Decision point, using
6”R"” method for
potential solution

Figure 4: SMMIAI workflow for Sustainable Domain Value Stream Mapping

methods or skills. Figure 4 provides an illustration of the
workflow in a simplified manner. In conventional value stream
framework, time will be the domain of performance
measurement. The lean component will be the value adding
and non value adding activities embedded in the value stream
[19]. In the conceptual SdVSM framework, time is no longer
a domain for measure in the value stream. The sustainable
pillars will be the domains. Each activity in the value stream
will be measured in sustainable score. For example electrical
energy consumption of a process will be measured as the
ratio of electrical energy consumed for value adding over
electrical energy consumed non value adding. This ratio will
be average out from sustainability pillar component.

This framework will evaluate and indicate the sustainable
scores on the value adding and non value adding activities in
the manufacturing and or in the supply chain. The non value

Sustainability Score in SdVSM

adding activities are considered as waste in the system.
Hence the waste is now broken down using triple bottom line
sustainable categories, which is societal, impact, economical
impact and environmental impact [26]. Equation 1 shows the
summation of sustainability score for value adding (Sva)
activities and Equation 2 shows the sum of sustainability
score for non value adding (Snva) activities. This non value
adding activities will be the target for improvement using the 6
R innovative methodologies. In this framework since it inherit
the value stream mapping characteristic thus present state
and future state can be developed. In this framework the
authors used the process activity mapping as the value
stream mapping tool. Figure 5 shows the SdVSM sustainable
score indicator by activities using process activity mapping.

Activities A B C D E F G F Average
sva 0.8 0 0.5 0.7 0 0.2 0 0.8 0.6
S nva 0 0.3 0 0 0.6 0 0.4 0 0.43333333
1
& 0.5 | |
& 0.6
R 0.4 I
‘& 0.2
Null NULL
0.2
s, 0.4 | |
% 0.6 |
cl
%, 0.8
N
© 1

Figure 5: SdVSM framework Indicator Phase for Visualization (fictitious values given).
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P . . P —m TT
Sva = E lzocinl + economical + environmentallve VA
=1 =1 M
P . . e REET A
Snre = E \social + economical + environmentallve NVA
=1 =1
(2)

Hence low sustainable scores are the potential areas to be
improved using the 6R innovative improvement agent. In this
framework, 6R method used on process improvement where
traditionally used on product and product life cycle. The
sustainable metrics are referred to Sustainable Manufacturing
Indicators Repository (SMIR 2013) from National Institute of
Standards and Technology (NIST) United States of America.
SMIR 2011 contains 212 total sustainable indicators [23].
See Table 3 for NIST sustainable manufacturing indicator

categorization and sub categories. Table 3 will be general
guide for sustainability metrics on the mapped value stream.
In order to determine the level of achievement of the
framework a benchmarking will be used for improvement
evaluation. Methods of obtaining benchmark values are from
the past performance data from the company, standards and
set goals for amount of reduction within given time frame [23].
After improvement the sustainable score will be re calculated
to indicate before and after scores.

Table 4: NIST Sustainable manufacturing indicator repository [23]

SUSTAINABILITY

ELEMENTS SUSTAINABILITY PARAMETERS

REMARKS

Environmental Emission

Solid waste emission, air emission, waste energy emission

Pollution

Hazard substance, Green House Gases, Ozone depleting gases.

Resource Consumption

Water used

Material used (Overall, virgin, reuse, remanufactured, recycled and
other material)

Energy consumption (Total energy consumed, Renewable energy
consumed, Non renewable energy consumed)

Land used

Natural habitat conservation

Bio diversity, habitat management and conservation.

Economical Costs Manufacturing cost, material acquisition cost, production cost,
product transfer to customer cost, end of life product handling cost.
Profit Profit earned by the organization
Investment Eco friendly investment
Social Employee Health and safety

Professional development
Employee satisfaction

Customer Health and safety of the product at use phase
Customer satisfaction with the product
Customer rights

Community Product responsibility (Justice, Community development program,

Fairness, Equity, Human rights, Corruption)
Development (Public service policy)
Population

4 CONCLUSION

This conceptual framework has advantages over lean
manufacturing because lean focuses on operational metrics
and by integrating with the triple bottom line sustainability
pillars the human factor, costing and environmental issues
were taken into account. The second differences from the
traditional value stream mapping where takt time, cycle time
and waiting were the domain. However in this conceptual
framework the triple bottom line of economical, environmental
and societal will be the domain across the value stream. A

radical improvement tool is used which is the innovative 6 R
methodology, where by the 6 R method which was commonly
applied at the product level but here it is used for process
level improvement. In contrast to the conventional method of
improvement in value stream mapping is through the use of
lean tools. The framework indicators are representation of
sustainability scores of value adding and non value adding
activities. Thus decision and improvement affects directly the
sustainability level in the chain of activities. This paper
introduces the sustainable domain value stream mapping
(SdVSM) framework as a conceptual framework and will be
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tested in a case study to validate it as an operational

framework.

There is high industrial potential of this

framework is due to its simplicity and ability to be applied on
the process level whether it is an open loop and close loop
manufacturing process activity chains.
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Abstract

In the field of product development, many organizations struggle to create a value proposition that can
overcome the headwinds of technology change, regulatory requirements, and intense competition, in an effort
to satisfy the long-term goals of sustainability. Today, organizations are realizing that they have lost portfolio
value due to poor reliability, early product retirement, and abandoned design platforms. Beyond Lean and
Green Manufacturing, shareholder value can be enhanced and optimized by taking on a broader perspective,
and integrating sustainability innovation elements into product designs.

This paper presents a framework for achieving the goal of mutual value creation, and identifies the drivers of
product design that are used to ultimately create what is termed - The Sustainable Products Value
Proposition. Focus is placed on a balanced approach towards the integration of total cost of ownership,
social and environmental improvements, and an expanded definition of product life drivers.

Keywords: Sustainability, Sustainable Value Proposition, Product Design, Product Half Life

1 INTRODUCTION

Technology advancements and new innovations continue to
fuel the fast pace of new product introductions available to
consumers around the world. In 1965, Gorden E. Moore
predicted the number of transistors on integrated circuits
would double every two years [1]. Today his relatively
accurate prediction, better known as Moore’s Law, serves as
a symbolic backdrop for the exponential growth of consumer
electronics as well as design evolutions in the majority of
industrial categories. With each new product introduction,
consumers are presented with such possibilities as increased
productivity, improved communications and information flow,
and even improved quality of life [2] [3]. But, with the ever
increasing hunger for products that consume the world
natural resources, questions arise of how to measure the
benefits new technology brings to humankind vs. the potential
wake of waste streams left in its path. The challenging
concept is balancing the e-gain - benefits from new
technology vs. the e-waste - of abandoned products. (see
Figure 1)

The Sustainable Product
Development Conundrum:

Technology producers are in a cycle that
encourages new product release and product
turnover before the current product in use by the
consumer hits its useful end of life.

Sustainability

Abandoned products in New technology and
lieu of newer technology, innovation that drive
productivity gains and solutions improvements

To illustrate the affects of early product withdrawal, the study
of the half-life of product families is introduced -- see Figure
2. The half-life is defined as the point where half of the
products sold within a product platform (model family) are no
longer used in the market. The graph presents models of
relative half-life estimates for various types of material goods.

The chart exposes the challenges producers of consumer
electronics and other high technology industries face where it
is possible that the half-life of a product family is shorter than
the time it took to develop the product. When product half-life
data is superimposed on product financial models, even
greater insight on the potential risk of early product
abandonment is possible. The details behind these
dynamics can aid in research towards the development of
sustainable products and processes.

a  Product Family Half-Life

Models by Category
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Figure 1: The balance between e-gain and e-waste.

Figure 2: Relative product half-life curves of selected product
families.
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As a matter of strategy, engineers do not set out to design
new products for the sake of creating waste, in fact producers
face a new product development conundrum: Technology
producers are in a cycle that encourages new product
release and product turnover, before the current product in
use by the consumer hits its useful end of life. In order to
draw attention to the research necessary to help improve the
development of sustainable products and processes,
especially from a waste stream perspective, the perceived
value should be well-understood and addressed.

Recently, there has been an increase in research centered on
sustainable value [4]. In a paper by Ueda et. al. [5], value
creation models were presented based on emergent systems
and co-created decision making. This paper studied the
relationships between natural, social, and artifactual systems.
In related research, Tolio et. al. [6] focused on the complexity
of economic, socio-political and technological dynamics. We
focus our attention on the cost drivers of a sustainable value
proposition used to develop products and drive innovative
solutions --- see Figure 3.

With the help of NGO'’s, industry representatives, and
government employees, influence on the long-term effects of
sustainable products have increased in some industries. The
potential for even greater value creation is not only possible,
but also necessary, for improving sustainability in products
from generation

to generation. At the heart of this proposition is the creation
of mutual value between consumers and producers, as well
as society and the environment.

Value Creation Models

Traditional Value Creation i|:\ a Sustainability
Pioducen =$| Sustainable Society |¢= sadthe
Consumer ‘ Triple Bottom
Val M mometoe m e | i
Pro o:i:ion Innovative and toe
L Sustainable

Product Design

0

Sustainable
Products value
Proposition

! ,

Consumer Value || Socio-Environmental
Impact Value Impact

Producer Value
Impact

Figure 3 : Sustainable value creation framework for products.

In this paper, we identify the high impact drivers for each
pillar of the Sustainable Value Proposition. In doing so, the
design engineer will have a set of metrics that will aid in the
optimization of value creation in generation-to-generation
product development.

2 BACKGROUND

According to an ASME survey focused on the trends related
to sustainability in product development, the overriding
reason why corporations integrate sustainability factors into
their designs is due to government regulations [7] [8]. This
report surveyed engineers for reasons why they would

consider sustainability in their product designs. In additon to
regulations, rising energy costs and client demand rounded
out the top three motivating factors to develop more
sustianable products. Only 16 percent of respondents
included the potential for improved return on investment. In a
similar survey conducted by the MIT Sloan Mangement
Review and the Boston Consulting Group, which focused on
integrating sustainability into the developmnet process, 45%
of respondents report that they expected higher operational
cost to take away from profits. Thirty three percent cited the
administrative costs of sustainability programs would create
additional losses [9]. The results of the surveys show that in
order to keep the attention of the design engineer when
developing next generation products, or grab the attention of
the consumer in the purchase of their next solution,
sustainable value must be reviewed from their individual as
well as mutual perspectives.

The triple bottom line (TBL) of sustainable development
focuses on meeting the needs of the present without
compromising the ability of future generations to meet their
own needs [10]. In the center of this focus is the concept of
the three pillars of sustainability, which requires the
reconciliation of environmental, social and economic
demands within the context of development. While the
engineering community is familiar with the TBL, many
struggle to project the concepts onto their own work. In order
to put focus on sustainable value, we look to identify the
overlapping benefits between the producer, consumers and
the socio-environment. An additional set of pillars is referred
to as the Sustainable Value Drivers (Figure 4).

Sustainable Value Drivers

Corporate Social

Green Value Responsibility Value

? 4 Synergistic
Mutual Value Sustainable
Value

Figure 4: Sustainable value drivers.

New industries in green marketing have been created for
consumers who seek out environmentally conscious
products. Producers are motivated to show their social and
environmental value through corporate social responsibility
reporting (CSR). Consumers and producers often work
together to create mutual value focused on solutions that
reduce workflow and resource consumption. Yet, many
engineers lack the tools or foresight to break the new product
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design process down into the driving metrics that would seek
new value creation for the consumer, producer and the socio-
environment at the same time. In order to indentify the driving
aspects of the proposal, long-term value must be examined
from each perspective.

Producer Value: In order for producers to be profitable,
designers strive to develop products that meet customer
needs at acceptable production and delivery cost —
thereby creating a mutual value proposition. Product use
and life are the key deliverables.

Consumer Value: Potential Customers seek out
innovative solutions that meet their needs. In doing so,
consumers weigh these potential solutions against the
total cost of purchasing and owning the product.

Socio-Environmental Value: From a sustainability
perspective, new products or solutions that improve the
health and well being of society without affecting the
need of future generations to meet their needs.

Producer Impact
A Consumer Impact
Sustainable - Sustainable - Product
Product Life Metrics Total Cost of Generationd
\ Ownership Metrics
\ Product
Sustainable Innovator’s "
Generation3
Quadrant )
Product
Generation 2
Product
Generation1 SOCial &
v Environmental
Sustainable Products \ Impact
Value Proposition - Sustainable -
Driving Aspects Socio-Environmental
Metrics

Figure 5: Sustainable products value proposition drivers.

These concepts are not difficult when studied on an individual
basis, but creating solutions that optimize the three key pillars
of design value is difficult. In fact, as the world becomes more
competitive, the headwinds that development engineers face
continues to complicate their ability to achieve the desired
goal of sustainable development. For example,
manufacturing losses, abandoned design platforms, and early
product retirement are all examples of waste stream that
create losses to producers, consumers, as well as to society
and the environment. Certainly, research in topics focused on
lean manufacturing and green marketing can help improve
the bottom line. But, in order to have the greatest impact on
the long-term development of products and processes, focus
should be on developing a Sustainable Products Value
Proposition that integrates sustainability innovation elements
into the product design value proposition. These elements
carry the design concepts beyond the traditional 3R’s of
reduce, reuse and recycle, to include recovery, redesign and
remanufacture [11].

Sustainable value creation through innovative product design

3 PRODUCER, CONSUMER AND SOCIO-
ENVIRONMENTAL IMPACTS

One difficulty in developing a common set of aspects in the
design of sustainable products and processes is the need to
integrate a wide array of drivers into one common analytical
metric set. In the process of identifying the driving aspects of
the sustainable products value proposition, categories that
have the highest impact from a value perspective are
identified. In this process, value is viewed as the potential for
new utility relative to its cost. In order to have the highest
impact on the long-term goals of sustainability, generation-to-
generation product designs should seek to improve each
pillar of the driving aspects at the same time. (Figure 5) If
design improvements are achieved in all three impact areas,
the producers are developing products in the Sustainable
Innovator’'s Quadrant.

A common paradigm of development engineers is the
assumption that the bill of materials must increase in order to
create solutions that accomplish goals such as extending life,
meeting regulations, or lowering the cost for the customer to
operate. In order to break down this paradigm, detailed
drivers for each aspect are identified to provide a broader
perspective to the key stakeholder of the value proposition.
(Figure 6). The first step of this process is to broaden the
definition of costs into a total life perspective. The concept of
the total cost of ownership (TCO) has been presented in
many forms including research and tools designed for
analyzing business computing [12][13]. From a financial
perspective, TCO represents the direct and indirect cost to
purchase and utilize a product for the consumer. The
sustainable products value proposition expands the set of
total cost drivers.

3.1 Producer Impact: Cost of Product Development and
Delivery

In general, consider the cost of these metrics to be the
relative to the specific product design points chosen to meet
the expected targets.

1. Bill of Material Expense — Typically, the primary
focus of the development engineer from an
expense perspective is the bill of material. This is
the cost to physically manufacture the product.

2. Relative Design concepts of delivered function,
specifications and solutions — In an effort to
meet customer expected quality levels, features
and functions, the engineering team creates the
design specification that describes the expected
outcome of the system. Typically, higher tolerances
and tighter specifications can cost more to
produce, but the customer may be willing to pay for
it.

3. Mean time between failure and Intervention —
The most common measure of system reliability is
the mean time between failures. The uptime of
equipment can affect productivity beyond the
individual user, if the product is involved with any
type of work flow. As system complexity as well as
competition increase, another reliability-based
metric, has become critical for the development
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community. Mean time between interventions is
also a measure of product up time, but it assumes
that the system needs attention from the user (and
not a warranty call). Examples in this category
include clearing systems hangs/jams, changing
supplies or updating the system. Complex solutions
in the future will have longer lasting sub-systems,
and will have intelligent operating and embedded
systems.

Cross Platform Compliance within Product
Families — This category is focused on the typical
struggles producers face in the quest for satisfying
the needs of individual customers vs. the financial
benefits of focusing on the convertibility or the
commonality of components or sub-systems
between platforms. The ability to convert products
already produced increases the value and flexibility
of the supply chain team. Increasing the use or re-
use of common sub-systems reduces the amount
of development and verification resources required
to design the product. This aspect is not only one
of the key drivers that producers can use to reduce
the cost of their value proposition, but it also
applies directly to the improvement of the product
family longevity, a key component of the
environmental pillar.

Generation-to-Generation Product Compliance
— The focus of this category is on enabling the
producer to use existing infrastructure and
intellectual property in the development of the next
generation solution. Likewise, enabling the
customer to use existing infrastructure and
intellectual property in the transition and integration
of the next generation system. Extending the
platform of a product family through generation-to-
generation compliance can have one of the most
positive effects on designing sustainable products.
This aspect is simple in concept, but becomes
difficult when you integrate challenges from
competitive designs, as well as the tendency of
engineers to invent new systems because they
can.

Product Life Extension or Retirement —. This
can be a cost stream or an opportunity for re-
designing or re-manufacturing the product for
retirement or extended use. Either way, the
development engineer takes end-of-life product
aspects into consideration in the overall design.
The ultimate expense for a producer can come
from a consumer abandoning the use of a product
before its useful end-of-life.

1. Benefit of New Innovation and Solution
Improvements — This metric is counter to the
others in that this driver is viewed as the aggregate
benefts gained by obtaining the new solution. This
can be quantified through a variety of sources such
as productivity gains, improved quality or reduction
in material consumption.

2. Cost to Purchase, Install and Prepare for Use —
Beyond the initial box cost, many consumers fail to
include the cost to install and create the
infrastructure for new products. This includes the
training and learning curve required to fully utilize
the new solution. Many products are abandoned
early due to a mis-match in customer expectations
or skill levels.

3. Cost of Consumables — This expense stream
covers the material or supplies needed to maintain
the utility of the solution. They are typically referred
to as customer replaceable units (CRU’s).

4. Cost of Maintenance and Product Intervention —
Consumers expect products to work, but
understand interventions and maintenance of the
system might be required. Yet, there is a cost to
perform these activities that include expenses
beyond the person performing the activity. Often
workflow downstream is affected by the downtime
of devices.

5. Cost of Warranty Repairs - This is the
combination of warranty expense for the customer
and producer, as well the cost, the consumer faces
with product down time. In order to protect
themselves, many customers purchase extended
warranties as a precaution in case of unexpected
failures.

6. Cost of the End of Current Life Cycle — Beyond
the cost of product dispossal, there is often
expenses in the activities that lead to the purchase
of new equipment, as well as the removal and
possible accelerated capital expense write-off of
previous equipment.

3.3 Social and Environmental Impact: Cost of Product
Compliance and Natural Resource Consumption

In the process of developing new products, good stewardship
of our natural resources is now recognized as cost savings
opportunity in addition to what more potential customer are
expecting to review in the purchasing cycle. Standard
reporting and certification processes are integral to the
development model.

3.2 Customer Impact: Costs and Benefits to the
Customer

Ultimately, in free enterprise markets, the consumer is the
focal point of new products and the longevity of competing
designs. Customers seek out solutions where they realize
benefits relative to the cost of the product.

Total Energy Consumption to produce and
operate — Tracking the consumption of utilities in
the manufacturing process is prudent. Focusing on
the effects energy consumption has on the product
design often yields opportunity for increased quality
or yield. In addition, consumers now track the
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energy consumption of products, and it is often a
critical specification for customer purchase

Sustainable value creation through innovative product design
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Figure 6: Detailed metrics of the cost/benefit drivers in the sustainable products value proposition.

Total water consumption to produce and
operate — Energy consumption has been the
central focus for engineers who seek to design for
the environment. Now water consumption is also a
critical aspect as the world’s fresh water supplies
become more acute.

Product and Material Safety Compliances -
Most products require safety and material
certification and approvals. In addition, depending
on the product line, there can be a number of
specific certifications required to sell to targeted
consumers. This could include, energy,
electromagnetic compatibility (EMC), acoustic or
other aspects of products that affect society and
the environment.

Corporate Social and Environmental Activities
and Reporting — The health and safety of
employees and consumers is usually first priority of
producers. In addition, many corporations consider
taking a proactive approach to social and
environmental issues as a benefit to the overall
value proposition. Today, many consumers look to
producers to pass along sustainability-based
metrics as part of the product delivery process.

Industry specific certifications — In addition to
mainstream certification and regulatory
requirements, many industries have specific

regulatory requirements that are aimed at the
unique social and environmental aspects that the
products may have.

6. Collection and Product Disposal - Many new
regulations require producers to reclaim or at least
play a role in the handling of products at the end of
life.

4  SUMMARY

In free enterprise markets, producers seek to develop
products that drive a profit for their respective business as
well as provide the best solution for the customer. In this
process, a value proposition is developed by the producer for
the consumer that is designed to overcome the risks of the
business venture vs. the potential reward for both the
producer as well as the consumer. Products and design
platforms that are abandoned before their useful life create
waste and reduce asset value for society and the
environment, in addition to the producer and consumer.

The sustainable products value proposition seeks a balanced
approach towards the integration of total cost of ownership,
social and environmental improvements, and an expanded
definition of product life drivers. The driving metrics identified
in the three impact areas are focused on reducing the
potential risk of relative product offerings. In the development
process, engineers need to not only look at the total cost for
the consumer, but also take a broader and more holistic cost
view in order to identify product designs concepts that may
be at higher risk for long-term sustainability and waste
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streams. This process is optimized, if it is conducted early in
the development cycle,

The race continues between the e-gain benefits of new
technology and the research for new tools that will aid in the
long-term development of more sustainable products and
processes. A central goal of this paper is to begin to build a
new paradigm for development engineers, a paradigm that
sheds light on the realization that product designs can be
more sustainable from both a financial as well as
environmental perspectives. By focusing on the main drivers
of each sustainable value proposition aspect, the
development community improves their role in creating truly
sustainable value.
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Abstract

Today manufacturing companies need to raise their awareness about emissions (e.g. CO, equivalents) and
their origins within a manufacturing system. The identification of origins of emissions becomes progressively
difficult because of the customer and competition driven increase in product and process variants and the
corresponding high level of complexity. Therefore, it is necessary to enhance the ecological transparency in
manufacturing systems. This paper introduces an assessment methodology which increases the ecological
transparency through the identification of variety-induced ecological effects. Furthermore, the developed
methodology enables the user to detect starting points for an ecological optimization of a manufacturing
system by the use of organizational measures. The effects of influencing variables are presented on the basis
of a case study. The obtained results allow manufacturing companies to reveal and reduce variety-induced

non value adding emissions.
Keywords:

Ecological analysis, manufacturing systems, CO, emissions, variety

1 INTRODUCTION

Nowadays the majority of the manufacturing companies are
forced to frequently adapt their manufacturing systems in
order to meet the current and future market demands. These
demands result from global and long-term economic, social
and ecological developments, so-called megatrends, which
impact the manufacturing industry and its systems. The most
significant trends concerning manufacturing are globalization,
diversified customer demands, shorter product life cycles and
the shortage of resources. [1]

Especially the diversified customer demands and the
shortening of product life cycles lead to an enormous increase
in product variety and complexity. The development of the
variety in the machinery industry is illustrated in Figure 1.
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Figure 1: Percentage change of product and component
variants and duration of product lifecycles. [2]

This development is one of the main reasons why processes
in manufacturing systems are becoming more and more
complex and economically as well as ecologically difficult to
analyze. [3]

In regards to sustainable manufacturing these different
developments have multiple effects and emphasize the

importance of the responsible and careful usage of natural
resources in manufacturing systems. On the one hand,
companies have the opportunity to reduce their cost by
improving their eco-efficiency despite the growing energy and
raw material prices. On the other hand, the manufacturing
companies can make an effort to regain non-renewable
resources in product and material cycles instead of disposing
them and ultimately lose their inherent value. Furthermore
companies can profit from new developed technologies while
purchasing an eco-friendly and carbon neutral manufacturing
process. [4] [5]

In this context the global warming effect remains one of the
greatest challenges of mankind [4]. The major reason behind
global warming is the steadily increasing emission of
greenhouse gases e.g. carbon dioxide and methane. Figure 2
illustrates the different shares of global greenhouse gas
emissions in CO, equivalents (CO; eq.) for the Industry and
Energy Sector [6].
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Industry & Industrial

0,
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Transportation 14,3%

Figure 2: Share of Global Greenhouse Gas Emissions from
the Industry and Energy Sector (Total: 31 Gt CO; eq.). [6]
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The share of 19 % for “Industry & Industrial Processes”
contains emissions which were caused by the current used
methods, procedures, materials, production schedules and
machinery, etc. to plan and control the manufacturing system.
The presented numbers also indicate that the emissions in
the area of manufacturing are still very high and therefore
have a big potential for reduction.

To make use of the potential for reduction, detailed
knowledge about the interdependent origins of emissions
within manufacturing systems is needed. Since the
knowledge about the internal and external drivers for
emissions in manufacturing systems is a key element for the
ecological target-oriented optimization, the transparency
needs to be increased.

2 NEED FOR ECOLOGICAL TRANSPARENCY IN
MANUFACTURING SYSTEMS

As previously stated, the customer demands and other global
long-term developments result in a high number of product
variants. The additional effort to maintain an efficient
manufacturing system rises with each product variant and
leads to more complex system since the complexity of these
systems is directly related to the number of different product
variants [7]. Within a specified system the term complexity is
defined by the amount and variety of elements, their
relationships and their temporal variability [8]. Based on
studies, the costs for product and process complexity in
manufacturing companies are up to 25 % of the total costs [9].
Additionally, 30 to 40 % of the complexity-caused costs can
be linked to the manufacturing process itself [10] and the
doubling of product variants can raise the costs of a product
up to 30 % [11].

In terms of sustainable manufacturing not only economic but
also environmental issues like emissions should be
considered. The integration of environmental aspects like
energy and material consumption into the planning and
control of manufacturing systems offers high potentials [1],
but detailed knowledge about drivers of emissions in a more
and more complex environment is needed.

A specifically focused approach for the identification of
variety-induced emissions in manufacturing systems does not
exist so far, but several methods to assess environmental
impacts of products and manufacturing processes are
available, which can be adapted for the identification of
variety-induced emissions in manufacturing systems.

The method Life Cycle Assessment (LCA) according to 1ISO
14040 and 14044 [12] has become widely-used and
represents the actual state of science in the area of
environmental assessment. A LCA evaluates the
environmental impact of any system (e.g. product) by
considering all inputs and outputs (energy and material).
Normally the creation of a LCA is supported by special LCA
software (e.g. SimaPro or GaBi) and the use of environmental
databases (e.g. Ecolnvent). Usually a LCA assesses the
environmental impact of a product life cycle (cradle to grave)
[13]. In order to ecologically analyze a manufacturing system
and to identify variety-induced emissions a product-related
cradle-to-grave approach is not applicable. Nevertheless the
ISO 14040 (goal and scope definition, inventory analysis,
impact assessment, interpretation) represents a suitable
framework, which has to be adapted to the specific
requirements [14].

Environmental impacts can be measured in several
categories (acidification potential, eutrophication potential,
etc.) and evaluated by the use of different evaluation methods
[15]. This paper will focus on the global warming potential,
which is measured in CO; equivalents and has become quite
popular over the last years [13]. Nevertheless, the presented
methodology could also be adapted for the quantification of
other environmental impact categories.

3 IDENTIFIACTION OF VARIETY-INDUCED EMISSIONS
3.1 Scope of assessment and system understanding

The elements (e.g. processes or machines) of a
manufacturing system can be generalized as process
modules (Figure 3). Each process module is characterized by
several input and output variables and aims to transform an
input into a specific output. In a manufacturing system a
number of process modules are coupled to a process chain.
The coupling of process modules in more complex systems is
identified through multiple input and output connections (e.g.
parallel process chains or network structures).

INPUTS operating other
energy supplies inputs
raw material process module n material
pre-product (Pn) product

AN

lost waste scrap emissions

heat water OUTPUTS

Figure 3: Generic process module [16]

The manufacturing system considered in this paper is a linear
process chain, which mainly focuses on the ecological
analysis of the inputs and outputs of the coupled process
modules. Moreover the ecological effects of variety within the
manufacturing system need to be identified in order to make
the actual drivers of emissions visible.

In  manufacturing systems production machinery is
responsible for a major part of the emissions. The
environmental impact of production machinery is mainly
caused by electric energy consumption of the machine and
the peripheral units. For instance, the electric energy
consumption of an elementary flow of a milling process
accounts for more than 95 % of the CO, emissions [14].

Besides the machinery other factory equipment e.g. lighting
equipment or technical building equipment cause emissions
as well. The latter ones do not significantly alternate with
production volumes [14] and therefore are not taken into
consideration in the assessment of emissions.
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3.2 Assessment of variety-induced non-value adding
emissions

For the assessment of variety-induced emissions of a
manufacturing system only the output of process modules,
which produce good parts, are considered value adding.
Different output is assumed to be non-value adding and
needs to be identified. Through this identification and
separation of variety-induced value adding and non-value
adding emissions the ecological evaluation and transparency
of a manufacturing system can be improved.

Concerning a single process module within a manufacturing
system the energy consumption - the main driver for CO,
emissions - is characterized by different operating states [17].
This characteristic sequence of operating states (power
profile) is schematically illustrated in Figure 4.

Power
consumption [W]

//

Standby Setup Processing Shutdown

Off -
. Time [s]
Non-value adding

Value adding

Figure 4: Power profile of manufacturing equipment with
different operating states

The operating states differ from power consumption and
duration. The duration of the operating state “Processing” for
example is influenced by the product specification as well as
the lot size, i.e. the number of equal products that are
produced between two setup operations. As mentioned
before, the operating states can be generally separated into
value adding states (Processing) and non-value adding states
(Setup, Standby, Shutdown). The ratio between value adding
and non-value adding operating states is highly determined
by lead times, setup times, lot sizes and the production
program. This strong relation also applies for the number of
product variants since the majority of these influencing
variables are very closely related to the product variants.

Besides the operating states other non-value adding
operations in manufacturing systems, e.g. production of
process scrap and setup scrap, have to be taken into account
as well. As described before, only the production of good
parts is considered value adding. As a result of this,
processing operations of a process module, which result in
scrap later on, are considered non-value adding as well. The
same applies to setup scrap, which increases with more
frequent setup operations. An overview of value adding and
non-value adding outputs of a process module is shown in
Table 1.

Table 1 : Classification of value adding (va) and non-value
adding (nva) outputs of process modules

Operating Output of process Classification
state module (product) va nva
Standby -- X
Setup - X
Processing Product (good part) X
Processing Process scrap X
Processing Setup scrap X

In order to assess the environmental impact (CO; eq.) of a
production program and the ecological effects of product
variants, the emissions of each operating state (of each
process module and product variant) have to be modeled by
the use of LCA software and stored in databases as CO, data
sets. For a discrete manufacturing process the functional unit
of the environmental impact of the operating state
“Processing” is one part, i.e. the amount of CO, equivalents
caused by the processing of one specific product variant on
one specific machine. The classification whether a processing
operation is value adding or non-value adding depends on the
output of the process module and is therefore considered
later on. The functional unit of setup (as well as standby)
operations is one second as the amount of emissions is
related to the duration of the setup operation.

By the use of this CO, data sets and the classification (value
adding vs. non-value adding) the ecological effects of a higher
number of product variants (and therefore the production
program) can be assessed and be made more transparent.

4 CASE STUDY RESULTS
4.1 Model

The manufacturing system considered in this paper consists
of three generic process modules (Figure 3) which are
arranged in a linear manner. The first process module is a
turning machine which processes the cast parts for further
machining. The two following process modules represent two
sequenced milling operations on two different machines with
separate characteristics e.g. specific inputs and outputs.

For purposes of the case study and especially for the
evaluation of the described assessment methodology, the
described manufacturing system is prototypically modeled in
the discrete event simulation software Plant Simulation. On
the one hand, the discrete event approach enables the
consideration and detailed evaluation of different general
aspects (e.g. production program) for the entire
manufacturing system and its elements (e.g. machines and
processed parts). On the other hand, it is also possible to
factor the ecological traceability of the processed parts into
the processing steps by assigning specific attributes (e.g.
variant type and environmental impact) to these objects. The
possibility of assigning specific attributes to certain objects
and the findings of this basic model are going to be of
particular interest for further examinations regarding
ecological uncertainties and effects of more complex
manufacturing systems (or supply chains) and its processes.

Figure 5 illustrates the schematic structure of the model as
well as the three specific databases for each process module
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and the general database for the entire manufacturing
system. The manufacturing system’s database includes the
product program which mainly controls the number of
products and variants as well as the size and sequence of the
generated lots. Furthermore the information about the point of
variant creation is stored in this database. Since the variety-
induced emissions are of particular interest in this paper, the
following two variety-related boundary conditions are
imposed:

e The product program consists of maximum five products

in maximum three different product variants.

e Only when the point of variant creation is reached the
corresponding process generates the number of assigned
variants according to the manufacturing database.

These two boundary conditions lead to a variety maximum of

15 different product variants. Within these boundaries the

model enables the user to change the numbers of variants

and the point of creation.

= Product program
EE = Number of products
= Number of variants

I \
EE Setup times
! !

L —

Environmental impact

hl_’*E\ ﬂ

Source Turning Machine  Milling Machine 1 Milling Machine 2 Drain

Nafl o Nall N

Turning Scrap

Processing times

Milling Scrap 1 Milling Scrap 2

Figure 5 : Schematic figure of the manufacturing system in
Plant Simulation with inputs, outputs and databases

The three specific databases for each process module
combine manufacturing information (e.g. process time, setup
time, scrap rates) as well as ecological information (e.g. CO,
data sets). Concerning the ecological information the
databases contain precise information about the caused
emissions depending on the processing of one specific
product variant on one specific machine. This ecological
information can be changed by the three following influencing
variables:

e Process scrap rate: This number represents a factor
which influences the total number of scraped parts for the
machinery.

e Setup scrap: This number represents the total amount of
processed parts which are scraped during one setup
operation of the machine.

e Setup time: This number represents a factor which
increases or decreases the required time for setting up
the machine for a new product variant.

The presented structure of the model and the discrete event
approach makes it also possible to include even more
influencing variables (e.g. machine failures), focus on further
ecological aspects in combination with economic key
performance indicators and to enlarge the scope of the

considered manufacturing system e.g. by adding more
complex structure of process modules.

4.2 Results of the case study

The above presented model of the manufacturing system and
its corresponding influencing variables are applied in a case
example. The range of the examined values of the variables
and their value in the initial situation are described in Table 2.

Table 2 : Values of influencing variables and initial situation

Name Used Values Initial
of Variables of Variables | Situation
Point of variant creation 1-2-3 2
Numbers of variants 5-10-15 10
Process scrap rate 05-1-2 1
Setup scrap rate 0-1-2 1
Setup time 05-1-2 1

The initial situation serves as basis for the comparison of the
sensitivity of the influencing variables in different scenarios.
During the sensitivity examination of this simulation model
only one variable at a time was changed in order to evaluate
the sensitivity of this variable for the ecological impact of the
entire manufacturing system. In the following course of the
analysis the ecological impact is distinguished in value-adding
and non-value adding shares. The calculation of the different
shares is based on the already described CO, data sets for
different operating states which are collected and stored in
the three specific databases of the process modules.

In order to make the absolute emissions comparable to the
initial situation each scenario contains a total input of 1,500
parts. For each scenario the size of the lots is based on the
number of variants, equally distributed and sequentially
manufactured. In Figure 6 the ecological impact in kg CO; eq.
of three different scenarios is presented.
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Figure 6 : Ecological impact in kg CO; eq. of three different
scenarios of number of variants (5, 10 and 15)

The scenario in Figure 6 represents a variable configuration in
which only the number of variants differs from the initial
situation. The value-adding share remains approximately
constant whereas the non-value adding emissions increase
with a higher number of variants. In this particular case (initial
number of variants: 10) the non-value adding emissions for
five product variants decrease by 18 %. For 15 product
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variants the change is approximately a 28 % increase in non-
value adding emissions.

For the further assessment of the influencing variables two
different values for each defined variable are considered in
comparison to the initial situation. Figure 7 and Figure 8 show
the result of the sensitivity analysis for the influencing
variables process scrap rate, point of variant creation, setup
scrap rate and setup time for a total of 1,500 input parts and
10 different product variants. During the change of one
variable all other variables maintain their initially assigned
value (Table 2).
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Figure 7 : Percentage change of ecological impact in CO; eq.
for the variables process scrap rate and point of variant
creation in comparison to the initial situation

The halving or doubling of the process scrap rate leads to a
significant decrease (55 %) respectively an even more
increase (183 %) of the non-value adding processing share.
The most recognizable change in the differentiation of the
point of variant creation is the variation of the non-value
adding setup time. This effect can be explained by the fewer
amount of setup operations in the upstream process modules.

101%
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Change in CO, eq.
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0 parts per 2 parts per x 0.5
setup setup
Setup scrap
Value adding
® Non-value adding (scrap)
® Non-value adding (setup)

Setup time

Figure 8 : Percentage change of ecological impact in CO; eq.
for the variables setup scrap rate and setup time in
comparison to the initial situation

In Figure 8 the results of the examination of the final two
influencing variables are shown. The ecological effect of the
setup scrap rate is based on the same origin (scrap) but
slightly weaker than the process scrap rate in Figure 7. The
drastic change of the ecological impact caused by the
alternation of setup time can be explained by the direct impact
of the setup time factor in all process modules and for each
single setup operation.

5 CONCLUSION AND OUTLOOK

This paper presented an assessment methodology which
increases the ecological transparency in a manufacturing
system. The methodology focuses on the identification and
quantification of variety-induced ecological effects. The
effects of five different variables (point of variant creation,
numbers of variants, process scrap rate, setup scrap rate and
setup time) are examined and distinguished in value and non-
value adding emissions. Especially the non-value adding
emissions are highly affected by the variety-related variables
(e.g. number of product variants).

The methodological approach was prototypically implemented
in a discrete event simulation model. The implementation
allows the examination of different scenarios through the
alternation of influencing variables. Furthermore it is possible
to trace single object (products) and measure their ecological
contribution to single process modules as well as to the entire
manufacturing system. The sensitivity of the influencing
variables and their ecological contributions and effects were
also verified.

As part of further research the presented model and its
structure should be examined in a more complex situation.
This includes the extension of the system boundaries and
complexity (e.g. number of processes, interactions and
uncertainties of process modules and number and variety of
products) of the manufacturing system itself. Moreover further
influencing variables e.g. machines failures, lot sizing and
production scheduling could be considered as well. In addition
to the presented sensitivity analysis detailed analysis of
interdependencies between influencing variables have to be
carried out in further research activities.

The further research topics also include the combined
ecological and economic assessment of variety-induced
effects in manufacturing systems as well as the deduction of
courses of action and their evaluation in the context of
traditional goals of production planning and control.
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Abstract

The German industry caused more than a quarter (27.8%) of the total energy consumption. Factories have a
high influence in resource saving during the realization of a factory and the production process. First “CO2
neutral factories” and “zero-emission factories” were realized in the last years. But they are just point solutions
and these concepts are rarely used by enterprises in Germany. As part of an energy efficient optimization of
factories, it is necessary to extend the focus of planning and to consider the location, the design, the
integration into the environment and the potential of modern energy efficiency. Particularly the factories
provides additional high saving potentials for the company. Low emission production methods or resource-
efficient building practices offer opportunities for integrated environmental factory design. These approaches
are integrated into the comprehensive concept “Sustainable

Factory Profile (SFP)” which is described in this paper.

Keywords:

Factory planning; Green Factory; Sustainability; Sustainable production

1 INTRODUCTION

Resources and Climate Political
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Figure 1: External challenges for the factory with focus on
sustainability [3]

The factory as a place of value adding activities is forced to
adapt to the requirements of the turbulent market. The
customer’'s demand for short delivery times, innovative and
sustainable products in connection with decreasing prices
leads to new challenges. [1] To analyze which external
challenges influence the factory, The detailed analysis of the
interaction between the factory and its environment is
necessary. Basically, two fields of planning can be identified
for the sustainable factory planning: on the one hand the
input and output and on the other hand the production
processes within the factory as well as the building structure.
(3]

The input is characterized, for example, by goods, water or
different forms of energy; whereas products, waste and
emissions define the output.

The production or manufacturing equipment, the material
flow, the technical building system as well as the employees
characterize the second field of planning, the building

structure and the production process. With link to the
organizational process, the factory is a broad field of action
for sustainable optimization and design. Next to the classic
challenges of the turbulent market new requirements have to
be recognized during the factory planning process. The
institute for advanced industrial management defines the
following four external challenges as new requirements in the
factory planning process: [3]

Resources and Energy prices: Energetic optimization is
necessary to reduce costs.

Climate changes: The CO2 caused issues must be reduced
to make a contribution to the reduction of the global warming.

Political conditions: A plurality of laws and norms with the
focus on energy saving and sustainability have to be
considered during the whole planning process.

Image: Energy efficiency has become an important factor of
the enterprise image.

Beside these external influences also internal influences have
to be taken into account. Rising costs for energy do not only
have their origins in rising prices, but also in the increasing
demand of energy due to automation of the production. This
is caused by the application of modern energy-intensive
production processes, for example by laser welding. [3]
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Figure 2: Development of electricity prices of industrial
consumers [5]

Traditional rationalization fields like lead times, long
transportation ways or inventories are considered as
exhausted. The sustainable optimization as a field of activity
still has a high potential for improvements. [3] More and more
standards like the ISO 14001 recognize the sustainability as
a field of optimization and standardization for companies. But
a holistic approach on this focus is still not realized. [4]

2 EXTERNAL
FACTORIES

CHALLENGES FOR SUSTAINABLE

2.1 Resources and energy prices

The increase of the energy prices during the past years is
one of the main arguments for many enterprises to deal with
the subject of efficient energy usage. The use of electricity is
becoming a relevant economic factor caused by the
increasing expenses. Figure 2 illustrates the younger
development of electricity prices for industrial usage in
Germany. The pricing for industrial consumers in Germany
increased by 20% in the last four years. A similar
development has to be considered for other forms of energy.
One example is the development of the oil import price. The
price increased by 35% to the reference year 2008 in
Germany. [5]

Compared to the German development of energy prices the
situation in other European countries is more serious. For
example the price for electricity in Spain has risen by 120 %
in the last ten years. Furthermore, a significant rise in prices
is predicted for the future. [5] Even more dramatically is the
development of gas prices during the last 12 vyears.
Compared to the year 2000 a rise in prices of 142% can be
detected. [6] For this reason, the efficient use of energy
during the production process becomes a competitive factor
for enterprises. Decreased energy costs with constant profit
allow to declining sale prices of single products by which a
competitive advantage can be realized. [7]

2.2 Climate change

The climate protection by reducing the greenhouse gases
defines the second external challenge, which has direct
influence on the factory operation and planning. This so
called greenhouse effect is in principle of natural kind and
has warmed the earth's surface from below 18 degrees
centigrade on an average of 15 degrees centigrade today. [8]
Nevertheless, by the increase of the industrial production the
development of greenhouse gases raises stronger than the
forecasts predicted. As a result, the so called European
Union Emission Trading System, came into effect in 2005. [9]
This system includes the regulation of

" power economy
¥industry

traffic
" household
"trade, service

Figure 3: Distribution of CO, emissions in the year 2011[5]

greenhouse gases and restricts the allocation of COo-
emission rights, or the commitment of a price for CO2-
emissions. Enterprises need to hold certificates, which are
bought and charged off depending on the occurred
emissions. Actually, every emitted ton CO. implies a payment
of 100 euros.

In the sequel the industrial CO2 emissions in Germany could
be continuously lowered during the last years. Nevertheless,
it is of high relevance that this trend in Germany will be
continued by technological and organizational changes. This
statement is supported by the distribution of CO2 emissions
in the year 2011 shown in figure 3. The industry has a share
of 15% of all CO2 emissions in Germany. Next to the power
economy (46%) and the traffic (20%) it is the third largest
sector concerning greenhouse gases. [10]

2.3 Palitical conditions

A responsible use of natural resources and the protection of
the environment are accepted as important development
conditions worldwide. In 1992 the conference of the United
Nations about environment and development (UNCED)
confessed. Under the direction of Gro Harlem Brundtland the
sustainability as a normative leading of "international politics".
was exclaimed. Sustainability means ,the present generation
satisfies its needs without endangering the ability of the future
generation being able to satisfy its own needs®. [11] This
statement still influences the German and European (EU)
legislative. In the following, only an extract of laws and norms
will be introduced.

In the Federal Immission Control Act (BImSchG) the
Jprotection is regulated before injurious environmental
influences by air pollutions, noises, vibrations and similar
processes“. Within the scope of this law other orders,
administrative regulations and technical instructions are
included, as, for example, the orders for an issue limitation by
light-brief halogen hydrocarbons, for requiring permission
arrangements or a case order directive of the EU. Requiring
permission arrangements are for example, heating power
works or chemical plants. [12]

Certification Systems shows no law, but a voluntary measure
for the benchmark and evaluation of the factory. In this
context, the evaluation should not only include ecological
aspects, but should be aimed on a comprehensive
consideration of the whole life cycle and all sustainable
aspects like human or economic factors. A big part of this
certifications system is the lifecycle assasment (LCA). The
LCA is a tool to calculate the impact of a product on the
environment [13] [14]
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Potentials of the previous
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Previous approaches in the factory
planning:
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supply chain
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| « Insufficient consideration of the
. urban logistics environment (e.g.
electric mobility concepts)

Figure 4: Previous approaches in factory planning [18]

The Energy Saving Ordinance (EnEV) is an important step of
the energy policy and climate protection politics of the
Federal Government of Germany. On this occasion, the
architectural heat insulation of the building structure as well
as the energy efficiency of the used technical building system
(heating, airing, cooling, lighting) is considered. [15]

The environmental information law (UIG) defines, that each
company in Germany is entitled to enable the access to
information about the environment, which is given to an
authority, to see and also to spread. [16]

Those described external challenges for the sustainable
factory planning leads to new industrial and research
approaches. This is caused by the rising complexity which all
of this external challenges cause by considering them during
the planning and operation of a factory.

3 PREVIOUES
STATEMENT

Due to the intensified attention of the efficient use of energy
and resource within the factory, the so called ,zero-emission
factories” or also “environmental fair factories” were
developed since the 1990’s. [17] The Solvis GmbH realized
one example of such a “zero emission factory” in 2002. The
Solvis GmbH is a medium sized manufacturer of solar energy
technology. The factory is characterized by its large collector
and photovoltaic surfaces, a rapeseed oil blocktype thermal
power station and a very good thermal insulation. [18] This all
leads to a factory with zero emissions. Another example of an
environmental fair factory is the so called ,Blue Factory” built
by Volkswagen in Emden. This environmental fair plant is
realized for example by a modern paint shop, which uses
fewer chemicals than conventional ones, a heat house
operated by long-distance heating and a company-owned
purification equipment. Furthermore, Volkswagen uses
biomass to produce environmental fair heat supply and builds
solar and wind power plants for the electric supply. [19]

APPROACHES AND PROBLEM

Meanwhile, the potentials of a sustainable factory are not only
recognized for reasons of marketing. The realization of the
potentials became an established target value of the
enterprise. But the main problem of those research
approaches and industrial realization is, that the system
boundaries of those approaches end with the factory
premises. Those approaches are in most cases ,isolated
solutions “. (Figure 4) In order to act however effectively in
the sense of a sustainable production the system borders of
the past approaches have to be extended to unlock the whole
potential of sustainable factories. The factory cannot be
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Figure 5: Holistic sustainable view of the factory [3],[20], [21]

planned and operated as an isolated system under systems,
but rather has to be integrated in the whole environment. The
sustainability of the factory does not end at the factory gate.

To realize a holistic view on the factory, it is necessary to
recognize all relevant factors already in the planning process.
Figure 5 reveals a draft of the holistic sustainable planning
process of the factory. As described before, the system
borders have to be extended. This includes the recognizing of
the suppliers of the factory. A sustainable production process
must recognize the whole value stream including all suppliers
or other factories within the production network. Next to this,
the influence of the social environment and human factors
has to be considered during the planning, realization and
operation of a sustainable factory. The basic structure of the
factory planning process is not recognizing the actual
situation. The classic factory planning process is structured in
seven phases that are processed sequentially. [20] At the
end of each phase a milestone is reached. Each factory
planning project starts with the definition of objectives in the
first phase. The objectives in factory planning are deduced
from the corporate objectives and are specified according to
the requirements of the factory planning project. Already in
this phase it is necessary to define the main goals of
sustainability. The project team has to gather all required
information during the enterprise analysis and adapt the
information for the following phases. The goal is a definition
of all tasks in the project of a sustainable factory planning.
The general planning can be seen as the core task of the
factory planning process, because the whole factory is
designed. [20] Next to the definition of objectives in this
phase the basement of sustainable production is defined.
Starting with the structure planning and dimensioning, an
ideal layout is prepared. During the structure planning,
decisions about thermal isolation or the technical buildings
system are made. Those decisions have a great impact on
the degree of efficiency with focus on sustainability. Based on
this ideal layout, different layout variants are generated which
consider restriction. These variants are evaluated according
to the defined objectives. Actually, the evaluation is based on
the design of the material flow or the efficient use of areas.
Social or environmental optimization is actually not
implemented in the evaluation process. The best variant is
the input for the next phase, the detailed planning. Within the
detailed planning the selected variant is put on a level of
maturity for the implementation. The result is a detailed
description and the visualization of all factory elements. The
following phase is the implementation, where the results in
the first phase are put into action. The
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Figure 6: Sustainable Factory and Environmental Profile

implementation  controlling contains the  monitoring,
coordination and documentation of the realization process.
The factory planning project ends with the support of the
production ramp up. [21], [22]

By recognizing all sustainable factors in each of those
planning phases it is possible to realize and operate factories
that are an integrated part in their environment. A main
problem of this extended planning process is the rise of
influences and restrictions to recognize within the described
planning process. Sustainable planning is only useful if the
basic objectives of the factory design are not compromised.
Because of this, it is necessary to provide a concept, which is
able to minimize all sustainable influences and factors to a
useful and applicable complexity.

4 CONCEPT OF A SUSTAINABLE FACTORY PROFILE

With the main goal, to reduce the complexity of a sustainable
planning process, the institute for advanced industrial
management developed a concept of the sustainable factory
profile. This profile supports the planning team by reducing
the rising complexity caused by the integration of a holistic
view of sustainable factory and a structured implementation
into the planning process. The first step of this concept is the
classifications of all recommend factors. Therefore,
technological and logistic area extend the classic area of
sustainability to the following. [23]

e Ecological area: Describes the increase and conservation
of natural resources through the minimization of
operational resource consumption

e Economical area: The sustaining and the increase of
physical capital

e Social area: This area contains the maintenance of the
internal human capital which consists of the know-how
and the motivation of employees

e Technical area: This area describes the efficient planning
and usage of technical equipment

e Logistical area: The logistic area describes the
recognition of the whole supply chain with focus on
sustainability

From each of the featured areas the factory takes resources
as input for the production process (figure 1). The factory acts
as a sink. In this context a sink is defined as a consumer of
resources. On basis of this assumption it is possible to

Ecological
25
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,.//

Technical Social
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. Factory Profile

Environmental Profile

Development of measures to
match the profiles

Figure 7: Sustainable Factory Profile

describe the whole factory as a combination of sinks. In the
following some examples for sinks in the defined sustainably
areas are shown:

e Ecological sink: The usage of fresh water

e Economical sink: The usage of capital for investments in
strategic sustainable projects

e Social sink: The responsible use of employees

e Technical sink: The usage of energy to use highly
efficient production or manufacturing plants

e Logistic sink: The logistic sink describes the recognition
of external and internal supply of the factory. It includes
the conveyance used and frequency of the supply. It
defines the usage of transportation equipment like trucks
or trains.

Through the structured recording of all sinks it is possible to
develop a specific sustainable factory profile (figure 6). This
assumes the normalization of all types of evaluation factors.

In the next step the environmental sources must be identified.
Those resources are defined as source for the efficient usage
in the factory. The procedure corresponds to the creation of
the sustainable factory profile. The result is a sustainable
environmental profile. In the following are some examples for
environmental sources:

e Ecological source: If the production site has the potential
of a fresh water supply by a river or similar

e Economical source: The Source of capital investment for
the sustainable use in the factory

e Social source: A broad field of know how supply in the
surrounding to reduce the approach road for the
employees

e Technical source: A regional offer of equipment and utility
supply

e Logistic source: The offer of regional suppliers to reduce
the frequency of supply and the transportation way

By comparing the profiles in the next step the differences
between sink and sources can be identified. The marked red
area in figure 7 describes the difference/deviation. This delta
defines the focus of future sustainable planning activities. In
this example the logistic as well as the ecological areas
contain disparities which have to be balanced. This area
describes the focus which the planning team has to recognize
in detail. In the next step it is necessary to develop measures
and solutions to match the profiles and to find a fair balance
between sink and source profile. In the following two
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examples are described for sustainable solutions for the
logistic and ecological area.

Ecological area: If the surrounding of the factories is not able
to provide the production process with renewable forms of
energy it could be necessary to transform for example low
temperature heat offered by surrounding factories or the
urban environment into an efficient form of energy. In this
case the so called heat and power installations (CHP) are
one example to transform emissions in form of heat from
other sources to a useful and high efficient source of electric
energy for the factory. [3]

Logistic area: If the external supply of the factory is not
realized by local or regional suppliers it must be a strategic
goal to intense the supplier development with focus on
sustainability. A regional or local supply of the factory
decreases the CO; emissions caused by traffic.

Those examples show that the focus on those measures and
solutions with the highest potential leads to new creative
solutions in the field of sustainability. Due to the reducing of
factors and influences, recognized during the planning and
operation of a factory, the complexity can be reduced and the
planning team is able to realize intelligent and creative
solutions to raise the sustainability of the factory.

5 FURTHER RESEARCH

The concept shows an approach and defined structure to
reduce the complexity of planning and operation of a factory
with focus on sustainability. In further steps the evaluation
and benchmark of the sustainable factory profile must be
extended. Especially a basement of energetic profiles and
date will be useful to ensure an objective result. Also a
catalog of modules, solutions and measures to balance the
profiles will rise the practical applicability for German and
international producing enterprises.

6 CONCLUSION

Rising energy costs, new governmental restrictions like CO»-
certificates and growing environmental consciousness of
consumers are new challenges for manufacturing companies.
Thus, sustainability in planning and operating factories is
getting more and more important to face the requirements in
global competition. To make use of the whole potential of
energy saving and sustainable design, it is unavoidable to
extend the system boundaries through the entire value chain.
The reduction of the complexity goes along with this
extension. The institute for advanced industrial management
developed a concept that supports the planning team to
identify the main fields of sustainable planning which have to
be focused. Thereby, the advantages of a sustainable
planning and energy saving clearly outweigh the
disadvantages of the raising planning complexity.
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system
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Abstract

Micro and desktop factories are small size production systems suitable for fabricating and assembling small
parts and products. The development originates in the early 1990’s Japan, where small machines were
designed in order to save resources when producing small products. This paper introduces the modular TUT-
Microfactory concept, developed at Tampere University of Technology during the past 15 years, and its
applications. The sustainability of miniaturized production systems is discussed from three perspectives —
environmental, economic and social. The main conclusion is that micro and desktop factories can remarkably
enhance the sustainability of manufacturing from all these three perspectives.
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concept

1 INTRODUCTION

Manufacturing industry is heading towards two paradigms:
Sustainable production and Adaptive production. On one
hand the manufacturers need to be able to produce clean,
green products and consider the ecological footprint of their
production. On the other hand they need to be able to
produce customized products at low cost on demand and
survive with the issues of demand fluctuation, small batch
sizes, short product lifecycles, global manufacturing, rapid
emergence of new technical solutions and ageing workforce,
while simultaneously maintaining productivity and good
quality. These constantly changing requirements call for
adaptive and rapidly responding production systems that can
quickly adjust to the required changes in processing
functions, production capacity and distribution of the orders.
Dynamic response to emergence is becoming a key issue in
manufacturing field, because traditional manufacturing
systems are built upon rigid architectures, which cannot
respond efficiently and effectively to this dynamic change.
The Factories of the Future (FoF) initiative [1] aims to support
European industry in meeting an increasing global consumer
demand for greener, more customised and higher-quality
products by helping it convert to a demand-driven industry
with better adaptivity, lower waste generation and smaller
energy consumption.

Miniaturization of products has been a strong trend already
for several years. As the parts are getting smaller and
smaller, at least partial automation of the processes will
become compulsory. Although the need for such production
of small-sized products has been rapidly increasing, the size
scale of the manufacturing systems has not changed much.
Small products are still being produced with relatively large
machines, which leads to inefficient space utilization and
unnecessarily high operating costs. Furthermore, these large-
size production systems and machines do not provide
flexibility in their location, but need to be placed in traditional
large factories even though, in many cases, it would be
desirable to produce the products closer to the customer.

The authors believe that small-size production systems,
micro- and desktop factories, can answer to the industrial
demand and challenges discussed above. Micro and desktop
factories are small-size production systems suitable for the
manufacture of small products with micro and/or macro size
features. The development originates from the early 1990’s
Japan, where small machines were developed in order to
save resources when producing small products, and to
reduce the size of the machinery and systems to match the
product dimensions. In this context, “micro” does not
necessarily refer to the size of parts or their features, or the
actual size or resolution of the equipment. Instead, “micro”
refers to a general objective of downscaling production
equipment to the same scale with the products they are
manufacturing. [2]

In the late 1990’s, the research spread around the world, and
since then multiple miniaturized production systems, i.e.
micro and desktop factories (e.g. [3][4][5][6]), modular
microfactory platforms (e.g. [7][8][9]) as well as miniaturized
production equipment in general, including e.g. desktop-size
machining units (e.g. [10][11]), robotic cells (e.g. [12][13][14])
and rapid prototyping units, have been developed. Despite of
large amount of research cited above, the level of
commercialization and adoption of microfactory solutions
remains still relative low. The discipline lacks of empirical
cases and industrial practice on microfactory-related
business. However, few commercial desktop factories have
been developed (e.g. [15][16][17]). Small-size machining
units exist (e.g. [19][20]) and desktop-size stand-alone
automation units have been developed for different purposes
(e.g. [21][22][23)]).

The micro and desktop factories can bring multiple benefits
against the conventional factories in terms of their
sustainability. This paper will first introduce the TUT-
Microfactory concept and show examples of its applications.
The main emphasis on this paper is put into describing how
microfactories can  contribute to the sustainable
manufacturing. Three most common  sustainability
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perspectives are viewed, namely ecological, economic and
social.

2 INTRODUCTION TO TUT-MICROFACTORY CONCEPT

Tampere University of Technology (TUT) has a strong
background on microfactory research since 1999. In this
section the TUT-microfactory concept and some of its
applications are introduced.

2.1 TUT-Microfactory concept

The TUT-Microfactory is a modular construction kit type
concept with easy and rapid reconfigurability for different
manufacturing processes of hand held size, or smaller,
products. The system structure is designed with an idea that
a base module (Figure 1) can work as an independent unit
including all the needed auxiliary systems. The base module
includes a clean room class work space, a control cabinet
and the equipment needed by the clean room. Since the
production module does not need a separate control cabinet,
the factory can be aggregated fast and easily on a desktop
table or other flat surface. This and small size of the modules
enable extreme mobility of the production capacity. The outer
dimensions of one base module are 300 x 200 x 220 mm and
the inside workspace is 180 x 180 x 180 mm. [9][4]

The production module can be tailored to certain processes
by placing process modules on top of the base module.
Process module can be e.g. a robot, laser or machining unit.
In addition to the top side of the base module, both sides and
the front side can be left open when adjacent cells compose
one integrated work space. Feeders and other devices can
be placed in the opening on the sides. Examples of different
configurations of TUT-microfactory modules can be seen in
Figure 2. [9][4]

22cm

Throughputs

Figure 1: TUT-Microfactory base module.

All interfaces in the TUT-Microfactory concept have been
designed to be as simple as possible. The base modules can
be locked next to each other side by side, front by side, or
front by front allowing nearly unlimited number of factory
layouts, ranging from a simple line type to a freely branching
one. The physical interface between two base modules
includes two hybrid connectors for electrics/electronics, an
interlocking system and connectors for pressurized air and
vacuum. [9][4]

Due to the modular structure of the TUT-Microfactory concept
and plug-and-play interfaces of the modules, it is easy to
reconfigure the system to different product requirements.
This reconfigurability is also supported by the fact that the
small size and light weight equipment can be lifted manually
without any lifting aids.

Figure 2: TUT-Microfactory applications: a) a loudspeaker assembly, b) laser marking, c) spring assembly, d) manufacturing of
medical implant, e) gas sensor assembly, f) cell phone assembly. [26]
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2.2 Applications of TUT-Microfactory concept

Several demonstrations, some of those shown in Figure 2,
have been realized with the TUT-Microfactory concept during
the past and ongoing research projects. One of the first case
processes was assembly of a cell phone loudspeaker in 2005
(Fig. 2a). The assembly operation was a pick and place
operation of the loudspeaker from a jig to the cell phone
cover. The component size was 10.9 x 7.4 x 2 mm and
weight less than 1 gram. As a manipulator a PocketDelta
robot from Asyril [22] was used. [24]

The laser marking microfactory (Fig. 2b) was built as a demo
for the Laser 2007 fair in Germany. The case products were
personalized aluminium business cards with sizes of 4x9mm
and 9x20mm. The case was a good introduction to the point-
of-need manufacturing. The visitors could personalize their
own business cards and get them manufactured right away.
[4]

As a part of the Desk project, in 2008, the first industrial
demonstration was conducted. The case process was a small
spring placement in a MEMS sensor component (Fig. 2c).
The small size (D 0.7 mm, L 2.54 mm) and complex shape
made the spring extremely difficult to handle. The factory was
built using only one TUT-Microfactory module. Besides the
base module (1), a PocketDelta robot (2) was used as a
manipulator, and the springs were fed by a machine vision
based flexible feeding system, the Wisematic Minifeeder™
(3). The vacuum gripper (4) had a fiber optic sensor to detect
the spring in the gripper. In addition, a small lead frame
stepper (5) was designed to move the base components. The
stepper used pneumatic actuators and an optical sensor to
detect the position of the lead frame. [4]

The first process chain level three-cell demonstration was a
manufacturing process of a medical implant, a laser-
machined silicon rubber ear tube (D 3mm, L 5mm) (Fig. 2d).
The manufacturing process consisted of machining and
cleaning. Three base modules and two process modules
were used in the demonstration. The first module included a
20W laser lathe with a scanner and an on-line inspection
system. The on-line inspection system was used for
measuring the dimensions of the tube. The second module
included a 5 DOF articulated joint robot, which reached the
adjacent cells as well. It was used to load the lathe and move
the implants to washing. The final module included an
ultrasonic washing system. [9]

The gas sensor assembly was a good introduction to different
joining processes (Fig. 2e). The case product was a gas
sensor (L 78mm, D 12mm), including two identical plastic
frame parts, a detector in a metal package and an exciter.
There were three phases in the assembly process. First, the
detector was placed in the plastic frame in right orientation.
Second, the exciter was placed in a correct position and
angle. Third, another plastic frame was glued on top of the
other. The microfactory assembly system consisted of two
TUT-microfactory modules and a machine vision based
flexible feeder for the frame parts. The first microfactory
module was responsible for the part handling and assembly
operations. A new TUT H-Scara robot was used for the
manipulation. Besides the robot, the cell included a vacuum
gripper, two standard 2-inch trays for component feeding, a
turning unit and cameras. The second microfactory module
provided the gluing process. It consisted of a low cost

Cartesian TUT Linear Motor robot, a dispensing valve, an
assembly jig for the base frame, a controller and an HMI unit.
[25]

In the Mz-DTF project (2009-2010) the factory Ilevel
integration of microfactory modules was considered and
implemented. As a demonstration, a complete mobile phone
assembly line was built out of commercial components and
the TUT-Microfactory modules (Fig. 2f). The assembly
process consisted of pick-and-place manipulation and
screwing operations. The TUT-Microfactory module was used
as a flexible screwing cell and larger desktop prototypes from
industrial partners were used for the pick-and-place
operations. The implementation was successful, but also
some challenges came up. Even though handheld-size
products fit perfectly into the TUT-Microfactory, the
subcontractors in the electronic industry still tend to use
rather large trays. Compact feeding systems, e.g. tape-and-
reel, bowl and machine vision based flexible feeding, need to
be further developed and accepted as an industry standard.
[26]

3 SUSTAINABILITY OF MICROFACTORIES

Competitive Sustainable Manufacturing (CSM) calls for the
sustainable development of manufacturing from different
perspectives, most commonly mentioned being
environmental, economic and social. According to [27], CSM
must respond to:

e  Environmental challenges, by promoting minimal use of
natural resources and managing them at the best while
reducing the environmental impact;

. Economic challenges by producing wealth and new
services ensuring development and competitiveness
through the time;

. Social challenges, by promoting social development and
improved quality of life through renewed quality of
wealth and jobs.

The following sections analyse how microfactories can
enhance the sustainability of manufacturing from these three
perspectives.

3.1 Environmental perspective

The modern production systems are expected to minimize
the environmental loads the system causes during its lifetime.
This sets requirements especially for the energy and
resource consumption, emissions and waste generation, as
well as reusability and disposal of the production system and
its components.

The microfactory platforms comprise of small sized
production devices. According to [2] and [31] compared to
traditional larger factories, they require less factory floor
space, consume less energy and raw material, and create
less waste and emissions. Due to the smaller size of the
overall factory, also less energy is needed for lighting, air-
conditioning and heating. Also less waste heat, which needs
to be cooled down, is generated.

Energy saving is one of the most often cited advantage of
micro and desktop factories. For example, Kawahara et. al.
[28] estimated that downscaling equipment to size 1/X
reduces the consumed energy by factors presented in Table
1. They separated the energy consumption to three
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categories: 1) Operating energy, which is proportional to
moving the parts of the equipment; 2) environmental energy,
which is affected by the space needed for the equipment and
the number of operators; and 3) process energy which is
needed to remove material from the work piece (e.g. cutting,
grinding). As can be seen from Table 1, majority of the
energy is used for illumination and air conditioning and these
also have the largest potential for energy savings. On the
other hand, according to [28], the needed processing energy
does not decrease at all when miniaturizing the equipment.

Table 1: Average energy consumption in actual factories and
energy saving effect when the factories are miniaturized to
1/X [28].

Average
consumption in
actual factories [%]

Energy-saving effect
(1/X miniaturization)

Operating energy 13 1/X3
Environmental
energy
lluminating 23 1/(1.5*X3)
Air-conditioning 56 1/(3*X3)
Processing energy 8 1
and others

The case studies conducted in 2003 in Japan proved high
potentials in energy and space savings by microfactories. A
Desktop Factory by Sankyo for assembling motor bearings
was reported to reach 98% savings in energy consumption
and 95% reduction in space consumption compared to their
traditional production systems [11].

Further empirical evidence of the reduced power
consumption of miniaturized resources was obtained in a
study conducted at TUT in 2010 by [29]. During the study
average electrical power consumption of five different
machines was measured in different states. The machines
were: Hisac 500 OF assembly cell, Staubli RX60 robot (with
Adept controller), Mitsubishi RP-1AH, Schunk desktop scara
prototype robot, and prototype of current Asyril Pocket Delta
robot. The first two machines (Hisac and Staubli) are
“conventional size” machines, Mitsubishi and Schunk are
small enough to be placed on a desktop, and Pocket Delta is
a truly miniaturized parallel kinematic robot which can be
integrated into TUT Microfactory module. Hisac, Staubli, and
Mitsubishi are commercial machines, while Schunk and
Pocket Delta are prototype versions (Pocket Delta has since
been commercialized by Asyril [22]).

The measured states were: 1) machine on, but motors
disabled; 2) motors enabled; 3) machine running 5 x 25 x 5
mm and; 4) machine running 25 x 250 x 25 mm pick-and-
place work cycle at machine’s maximum speed with zero
payload. Figure 3 shows that the most energy consuming
machine was Hisac cell while it was running the long pick-
and-place work cycle. What is worth noting is that Mitsubishi
only used about 1/6th of Hisac power consumption while it
was actually faster than Hisac as shown by Figure 4. This
means that with the same amount of energy, Mitsubishi can
perform over six times more movements than Hisac. Power
consumptions for Schunk and Pocket Delta are not directly
comparable since Schunk was considerably slower than the

rest of machines and Pocket Delta’s payload is only a fraction
of others (around 8 g versus at least 1 kg for Hisac, Staubli
and Mitsubishi).

Average Power Consumption (W)

600 A

500 —4—HISAC

400 4 - \ - STAUBLI

300 r/‘.—f' — MITSUBISHI

200 — —e—SCHUNK

100 e £ =>=POCKET DELTA
0

Machine On Motors On Long Cycle Short Cycle

Figure 3: Average power consumption of the tested machines
in different states [28].
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Figure 4: Cycle times of the tested machines with short and
long cycles [28].

The measurements taken in TUT [29] do not directly support
the estimations of Kawahara et al. [28] about the amount of
energy saved. However, they do indicate that there is a great
potential for operating energy savings and possibly even
greater savings in, for example, air conditioning. Therefore, it
can be assumed that the environmental impact is smaller for
products manufactured in small size microfactories,
compared to those manufactured in traditional factories.

3.2 Economical perspective

The economy pillar of the CSM calls for economic growth,
global  competitiveness and capital efficiency of
manufacturing. From the European manufacturers’
perspective the production with the future production systems
need to be cost efficient in order to be able to compete
against manual work performed in the low labour cost
countries.

The micro- and desktop factories offer an affordable solution
to manufacturers, because of lower investment and operating
costs compared to traditional larger factories. Same
manufacturing capacity can be fitted into smaller space and
there is a possibility to use microfactory automation to aid
human worker without the need to reserve huge, expensive
factory spaces. Due to their small size, microfactories don’t
need big factory halls requiring heating, lighting, air-
conditioning and so on. Also, as discussed in the previous
section, the energy consumption and waste generation of the
system itself is much lower compared to traditional larger-
scale systems, leading to substantial savings in the operating
costs. Microfactories allow also special controlled
environment, such as a cleanroom, to be built into a small
module space, eliminating the need for big expensive

81



TUT-Microfactory — A Small-size, Modular and Sustainable Production System

cleanrooms. Experiences from one full-scale desktop factory,
realised in Takashima Sangyo in Japan, have shown
remarkable competitiveness improvements compared to the
company’s earlier traditional factory: investment 1/5 and
running costs 1/5 with the same production capacity [30].

In the era of customization, the desire of the manufacturers is
to be able to cost-efficiently serve the customers in their
individual demands and to bring the manufacturing closer to
the customer. Due to the plug-and-play interfaces of the
modular microfactory system components, the full scale
system can be rapidly build and reconfigured to different
functional and volume demands. The system set-up and
ramp-up time and engineering effort for new process
requirements can be radically reduced.

Especially for SMEs and start-ups circumstances like
cleanroom, quality, skilled workers and investments in high-
level equipment are predominant strategic and economic
factors that hinder them to upscale from the lab to the full
production. In addition, the unknown response from the
market after launching the product, the lifecycle of the
product and the evolution of the product are other issues that
are taken in account when setting up the commercial
production. Thus, such a modular and mobile microfactory
increases the ability to rapidly follow the market dynamics by
means of fast production and delivery of customised final
products. Such a mobile mini-factory could also be leased
(hired) for a time by a company preparing the launch of a new
product, a start-up, a research institute, etc. Microfactories
offer flexibility to try out new ideas without huge investments.

Small-size equipment provides improved portability of the
production capacity to the place where it is needed, thus
enabling new business models as well as production and
logistic strategies. With the novel microfactory solutions the
production doesn’t need to be located anymore to traditional
factories, but can be brought to the most convenient location.
Few examples could be: fabricating customized shoe soles or
assembling customized watches in a retail shop, fabricating
spare parts in a battlefield, manufacturing products in a ship
while being transported, building prototypes in an office room,
teaching students about production systems in a classroom,
or fabricating customized medical implants in doctor’s
operating room in hospital. This allows faster response to the
customer requirements and more personalized service. In
case of consumer products, the fact that customer can see
his/her product to be manufactured or assembled, can bring
competitive advantage against competitors and especially
manufacturers abroad.

As discussed in the previous section microfactory can be
considered as more environmental friendly way of production
compared with the traditional production systems. The
environmental awareness of the consumers is constantly
increasing and the ecological footprint of the products starts
to be more and more significant factor guiding the purchase
decisions. Therefore products produced with “green”
microfactories can win the game against similar products
produced with traditional production systems. Implementing
microfactory solutions is expected to offer potential for
competitive advantage and attracting new environmentally
aware customers.

3.3 Social perspective

The microfactory solutions could also have a wider societal
impact for Europe and European manufacturing. First of all,

they can create more attractive and safe workplaces.
Secondly, they offer possibility to maintain the manufacturing
jobs or even bring them back from low labour cost countries
by enabling cost-efficient production of customized, green
products on the spot.

From the social point of view it is important to minimize
hazardous work environments, improve the ergonomics of
the work environments and to pursue the efficiency, creativity
and health of the workers. The risks of the manufacturing
environment to the human worker are not only physical, but
also psychological. For example, extremely simple,
monotonous work can cause psychological issues and lack of
motivation. Due to their small size, microfactories can be
placed e.g. on the table of human worker to help him/her with
boring repetitive tasks, tasks which require special accuracy,
or tasks that are ergonomically difficult. The human can then
concentrate on more interesting activities which require
special skills. Compared with large production equipment,
e.g. industrial robots, micro and microfactory solutions do not
expose the human workers to danger. Due to small forces,
for example the collisions are not fatal. Therefore, they
enable safer human-machine co-operation compared to
traditional large size equipment.

The microfactories can not only improve the manufacturing
work environments, but also provide better service for the end
customers. As the small size of the microfactory solutions
allows them to be brought closer to the end customer, even
to the point-of-sales or point-of-use, it ensures faster and
more customized service and satisfied customers. The
offered products can fit better to the individual customer’s
needs. For example, in the field of medical devices the
customization is extremely important. Today, the
customization of medical devices, such as medical implants,
is still rare causing imperfect fit and possible complications.
Therefore, the manufacturing of customized medical implants
on the spot (in the surgeon’s room or dentist’s office) is
expected to have a drastic impact on the quality of the
implant customization and thus lead to a better fit of the
implant in each patient’s body. Therefore fewer complications
are expected and consequently less expensive and possibly
painful re-operations will be needed. This will lead to notable
savings in healthcare costs and also in the time that is
needed to treat individual patient. Also the quality of the
treatment will be better resulting in increased well-being of
the patients. Therefore, the societal impacts can be wide.

4 CONCLUSIONS

This paper discussed the sustainability of miniaturized
production systems from environmental, economic and social
perspectives. One microfactory concept, TUT-microfactory,
was introduced in detail. As a conclusion, it can be said, that
microfactory solutions can bring remarkable improvements to
the manufacturing sustainability from all these three
perspectives. The primary benefits are smaller investment
and operating costs, as well as smaller energy and raw
material consumption compared to conventional factories.
The small size microfactories can be flexibly located to the
most convenient locations, and modular concepts allow easy
adaptivity to different demands. This adaptive “on the spot”
manufacturing and the fact that microfactories are more
environment friendly compared to larger factories, are
expected to be the winning factors supporting the
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competitiveness of the European manufacturing against the
low labour cost countries in the future.
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Abstract

The Eco-Industrial Parks (EIP - Eco-Industrial Park) emerged as a new model of spatial organization for
industrial arrangements. An important feature for an EIP is the adoption of the concept of industrial symbiosis
(IS), in which companies reuse waste to reach a closed system, reducing environmental impact. The article
describes an analysis of the environmental indicators used in EIPs through a systematic literature review
(RBS). Results indicated that there are proposals to evaluate the waste stream and the symbiosis of an EIP
through detailed indicators, which capture the need in a particular moment of time. The paper describes,
compares and analyzes these proposals. As a result, it was shown that they have limitations described and

exemplified in the text.

Keywords:

Eco-Industrial Park (EIP), Indicators, Industrial Symbiosis (Sl), Systematic Literature Review (RBS).

1 INTRODUCTION

The Eco-Industrial Parks (EIPs) and Industrial Symbiosis (IS)
process are in the field of Industrial Ecology, as fundamental
tools, that harmoniously integrate the vision of the closed
loop in a business ecosystem.

Seeking better utilization of by-products and waste treatment,
the EIPs support the development of industrial symbiosis,
highlighting the process as the main activities to be
developed in an EIP.

The decisive factor for the success of an EIP is the
determination of an organization to manage the EIP, known
as an broker, whose role is to introduce the concept of
symbiosis and encourage this practice. In addition, he is
responsible for attracting viable businesses and gain the
cooperation of all regulatory agencies. According Massard
and Erkman [1], its function is to inform stakeholders on the
issue of resource efficiency and waste exchange of
promoting the sharing of experiences on the management of
the flow identified, evaluating and implementing potential IS.
But the most significant challenge is to define instruments
direct to brokers that support systems and management
practices in EIP [2] [3] [4] [5].

Some authors [2] [6] [7] [8] [9] have used indicators as a
decision tool in EIPs, once they are able to provide
information about physical systems, social and economic,
allowing to analyze tendencies and cause-effect relationships
over time.

The purpose of this paper is to examine indicators used in
EIPs through a Systematic Literature Review (SLR).

2 METHODOLOGICAL ASPECTS

This work consists of an exploratory analysis of the state of
the art of the Eco-Industrial Park concept and indicators used
in EIPs. The methodological procedure adopted in this article
was based on the Systematic Literature Review and followed

the proposal of Conforto, Amaral and Silva [10]. The aim was
to verify the existence of indicators that analyze, evaluate or
collaborate in the management of an EIP.

The method used to carry out the SLR is divide into four
stages. In the first stage, involving planning, the activities
performed were: definition of the problem, definition of
research goals, selection of primary sources, construction of
search strings, definition of inclusion and qualification criteria
and definition of the search methodology generating a
research protocol. In the second stage, comprising execution,
searches, data collection and application of inclusion criteria
took place. The third stage, involving results analysis,
consisted of the interpretation of the articles, summary of
results and content analysis. Lastly, in the conclusion and
introduction, articles were registered, consolidating the SLR
results and developing theoretical models.

In this sense, we developed a protocol for a systematic
literature review, which defined criteria for inclusion /
exclusion of articles, and criteria for selection of indicators.
The intention was to answer, especially the following
question: What indicators are used to assess, analyze and
contribute to the management of an EIP?

3 A REVIEW OF RELATED LITERATURE

3.1 Overview - Industrial Symbiosis Process in EIPs

The industrial symbiosis (IS) comprises industrial and
commercial activities including the process of byproducts
exchange as the main characteristic, seeking economic
development, sound environmental planning, meeting the
needs of neighboring communities and proper land use.
Chertow [11] defines IS as the involvement of industries
traditionally separated in a collective approach for competitive
advantage including physical exchange of materials, energy,
water and byproducts. The keys to industrial symbiosis are
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collaboration  and
geographical proximity.

synergy possibilities offered by

There are currently few studies in the EIP literature and its
definition is still undergoing an evolution process. Among the
main materials, we highlight documents concerning specific
EIP projects which provide a basis to further scientific
studies. In practice, their implementation is even more
emergent.

An eco-industrial park is:

"(...) a community of industries, businesses and services
located in a common property. Its members strive to achieve
the best environmental, economic and social performance
through cooperation and environmental and natural resources
management. Working together, the business community
seeks a collective benefit greater than the sum of individual
benefits the company would reach if it only improved its
individual performance”. Indigo Development [12].

The IS and EIP themes intertwine in that the process of IS is
considered one of the main activities to be developed in an
EIP. Based on thorough research of thirteen projects that
were carried out by groups of students during the two years,
Chertow [13] stated that the EIPs are a part of industrial
symbiosis, highlighting it as a key feature.

The clarification of the advantages of IS is essential in the
formation of EIPs, because works as attractive to implement
the process in these environments. Benefits such as reducing
the use of virgin materials, reduce pollution, reduce
transportation costs of raw materials and waste management,
greater community  involvement, green  marketing,
sustainability, increase energy efficiency, increase the
amount and types of process with a market value are
recognized by many authors as Chertow and Lombardi [14],
Geng et al. [6], Lowe [15] and Tudor et al. [16].

EIPs has been seen as an opportunity for companies to
reduce their waste, recover values and achieve economies of
scale in their production processes. Seuring [17] observes
that increased competition in the international market has
been a major driver for the establishment of EIP.

There is a worldwide interest in the implementation and
development of EIPs. According to Indigo Development
Institute [12], the public and private sectors began more than
one hundred (100) EIP projects in Asia, Europe, Africa, North
America, Latin America and Australia. The initiatives are at
different stages of development. The reason of this different
is the disparities of the economic reality of each country. In
developing countries, such as Brazil, the government has
supported projects to build new industrial parks. In already
developed countries and linked directly to the current
economic crisis, this new trend has brought the adaptation of
existing industrial parks, seeking to transform them into EIPs.

An important issue in the analysis of these projects is that, in
general, they do not adopt all elements featuring an EIP.
Peck [18] reveals the absence of a specific methodology that
defines what an EIP, and points out that the development of a
clear definition would not only maintain their legitimacy, but
also allow the park adjustments relating to their own local
circumstances. Industrial parks have used this gap to classify
themselves as EIPs.

Another question at issue concerns the lack of tools that
support systems and management practices in EIP [2] [3] [4]

[5], and as a result, difficult to accurately measure the
development and operation of these parks.

3.2 Eco-Industrial Park as Dynamic Systems

There are several studies that suggest the use of methods
and tools such as Life Cycle Assessment (LCA), Material
Flow Analysis (MFA) and environmental indicators to
characterize an EIP, measure the level of reuse of waste,
eco-efficiency and environmental impacts in industrial parks.
[6] [7] [9] [19]. However, these efforts have limitations that
should be considered.

The tools have important features: result in absolute
numbers, are accurate and can be compared across parks
with different calculations. However, in the case of LCA for
example, there is wide variation in the use of the criteria in
the assessment of environmental impacts, requiring time to
analysis and making it difficult to compare historical data with
varying types of impacts.

This type of tool reflects a static view according to Chertow
Ehrenfeld [20], once it provides a picture of the situation of
the EIP in a given time, enabling to capture and "freeze" the
situation in terms of the level of impact is EIP at a given time.
These proposals also allow for future design a theoretical
situation "more" symbiotic, indicating changes in processes
and products to a set of specific companies. The limitation of
this approach is in the form of analysis of the problem, where
the EIP is viewed under a static point of view, not allowing
initiate a set of actions to promote changes in EIP towards
improving the situation identified. This is noted by the authors
of the more recent proposals such as Wang, Feng and Chu
[21] that admit the instability as a serious barrier to the
appropriate  development and progress of industrial
symbiosis. Furthermore, tools are complex and requiring time
for application and analysis.

The solution to this issue, and for the appropriate
development of the field of industrial ecology, would be view
the EIPs as dynamical systems [20]. Under this approach,
the industrial environment is considered a dynamic system
(complex adaptive), composed of companies and actors
whose aims and goals are constantly changing, once they
depend on market conditions and seek to reconcile various
issues, such as economic benefits and their own desires.
Abreu, Figueiredo Junior and Varvakis [22] explain that firms
are open systems and are subject to change values and
ideologies prevailing in the society in which it operates.

Chertow [23] shows that the industrial ecosystems have a
strong dependence on market forces, and subject to rapid
change, non-linear and discontinuous changes of direction,
and must be seen as complex adaptive systems. For Tuddor
et al. [16] companies can, over time, taking different paths
and change their goals, thus affecting the functioning of the
entire chain, developing a certain "fragile" system potential,
once the dependency relationship between the companies do
not necessarily ensure their survival, as the natural
symbiosis. The company's move to another park may
represent the biggest advantages that the current condition
symbiotic can offer. The interaction in industrial parks is an
opportunity in this regard.
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4 SYSTEMATIC LITERATURE REVIEW - INDICATORS
USED IN ECO-INDUSTRIAL PARKS

Some papers discuss about the use of environmental
indicators for EIPs. The indicators are applied in the
evaluation of the companies individually, or in the evaluation
of the park as a system. According Sendra, Gabarrell e
Vicent [8], there are many problems arise when implementing
Industrial Ecology in industrial areas. They show that
indicators are necessary and useful in order to objectively
reflect and measure the constant evolution of this areas, it
can structure and simplify systems data.

In an attempt to convert an existing industrial area in Spain in
EIPs, the authors adapted the methodology Material Flow
Analysis (MFA) proposed by Eurostat [24], widely used to
analyze the social metabolism industrial and evaluate
industrial parks and companies, and complemented with
indicators of energy and water. The authors, through a case
of study, used this indicators to detect companies with high
consumption or inefficiency and evaluate the efficiency of
some strategies in the conversion of an industrial area in
Catalonia (Spain) in an EIP. The use of indicators allowed the
detection of critical points of the system, such as resource
consumption (Direct Material Input, Total Material
Requirement, Water Input Total, Total Energy Input) and the
use of own resources system (domestic versus imported),
generation waste (or Total wastes Generation Material
Inefficiency) and efficiency (Eco-efficiency or Eco-Intensity).

According to the authors, the process of transformation of an
industrial park in EIP is slow and progressive, requiring the
same goals among individual companies and the collective
system and the use of indicators to measure this evolution.

Geng et al. [6] presented the model of circular economy
based in China and discussed environmental performance of
projects in the industrial areas. The authors explain that the
implementation of EIPs has emerged as a project to support
the policy of Chinese circular economy, currently having over
fifty pilot projects in progress. The authors presented four
groups of indicators applicable in Chinese industrial parks to
measure their eco-efficiency: economic development
indicators, indicators of material reduction and recycling,
pollution control indicators and indicators related to the
management of the park.

Later, Geng et al. [7] proposed a system of twelve indicators
categorized into four groups. Four indicators for the outflow
and four consumption category, two indicators for the
integrated resources and two for the disposal of waste and
emissions. The MFA was selected as the primary method to
develop such indicators and other tools such as eco-
efficiency indicators, were also taken to measure the
environmental performance related to economic
performance, especially for the use of water, energy and
waste generation. The authors conclude that the application
of this system may contribute to greater attention from local
governments on environmental issues and to achieve
economic, environmental and social benefits. However, there
are significant barriers, such as how to implement this
system, the lack of specific indicators of SI and social
indicators, and the lack of studies that show significant
results of deploying this system of indicators.

Kurup and Stehlik [9] applied in a practical case, an
evaluation model for EIPs to measure the benefits of
industrial symbiosis in the environmental, social and

economic dimensions. To evaluate the efficiency of the
method, the authors developed indicators to measure some
aspects of each dimension. To measure the environmental
benefits, the indicators used were: resource conservation,
resource security, water contamination, dust emission, noise
and air emission impact. To measure the social benefits, the
indicators used were: productivity, retention of employees,
job security / creation, sharing occupational health and safety
programs' investment in research and development, sharing
of infrastructure and technology, sharing of human resources,
employee relations management, information sharing
between companies, perception of communities in regards to
environmental health, communication about the project in the
community, partnership of educational opportunities for
school children, employment opportunities, complaints from
community, sharing of information between community and
industries, level of understanding about IS projects among
the community, opportunities of public relations, networking
between industries and communities. And finally, to measure
the economic benefits, the indicators used were: business
opportunities, infrastructure for industries, for public
infrastructure, labor costs, equipment costs, raw materials
costs, compliance costs, permit costs, cost of penalties /
fines and cost of future liabilities.

The authors highlighted the lack of studies to measure the
relationship between stakeholders and study the common
rules that help organizations and communities to work more
efficiently.

Pakarinen et al. [19] analyzed the development of
sustainability in a case of industrial symbiosis in Finland
during the historical period of 1890-2005. The study is the
practical application of the IS condition analysis system
proposed by Sokka et al. [25]. Through this system the
authors have identified and selected measurable indicators
for each the four conditions. For each of the system
conditions was chose to focus (non-renewable resources,
emissions to nature, land use, impacts on human health and
society) that steered the selection of indicators. For non-
renewable resources were selected indicators related to
metal recycling, waste and utilization of byproducts and fuel
use. To emissions were considered specific chemical
emissions and the treatment and recycling of these wastes.
For land use used the amount of logging and minerals. And
finally, impacts to human health and society, the authors
considered the risks to health with specific products and
social benefits through cooperation with the municipality. For
the authors, the indicators presented in the case study can be
a starting point for the analysis of aspects involved in the
process of industrial symbiosis.

According Pakarinen et al. [19], the development of industrial
ecosystems can be differentiated into three stages : Type | is
an undeveloped system in which processes are linear—there
are no feedback flows yet. In Type Il a few feedback flows
exist but the degree of exchange is still limited. In Type IlI
material flows are almost cyclical: waste is used as a
resource for other system components, therefore little waste
leaves the system. The historical period presented in this
study was framed in stages of development of industrial
ecosystems and analyzed according to specific indicators
focus on the condition of systems. The indicators used in this
study showed that the case symbiosis developed in many
ways towards better sustainability
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Zhu et al. [2] developed a method of selection of companies
interested in participating in an EIP which included the
implementation of a system of indicators, providing a
quantitative method to assess the adequacy of the company
in an EIP to increase efficiency and stability systemic. The
system consists of seven primary indicatiors, that are the key
factors to consider by stakeholders of EIPs, and twenty-
seven secondary indicators, that measure the profiles of each
primary indicator. The indicators constitute a hierarchical
structure. The indicators were divided according to a
perspective based on the park and a perspective based on
individual companies. For the first perspective, the authors
considered as primary indicators: Matching with existing
industrial chains, Park carrying capacity and Park
environment performance improvement. For the second
perspective, were considered indicators: eco-design,
economic benefit, resources utilization and pollutants
production.

Through the case study in a Chinese EIP, the authors applied
the system of indicators in five candidate companies to
assess their functionality these companies. The Analytic
Hierarchy Process (AHP) method was used to generate
weights to the seven primary indicators. For the authors, the
access indicator system provides honest evaluation items for
the stakeholders. In the indicator set, the most important one
is the index of matching with existing industrial chains
because it measures the enhancement of industrial
symbiosis.

The authors concluded that the system provides a direct
evaluation for the stakeholders of EIP.

5 DISCUSSION

The development of EIPs and support tools for brokers of
industrial parks is still an emerging issue. In this sense, the
work identifies the environmental indicators used that
contribute to the management of an EIP.

The survey indicated that all studies consider symbiosis as a
key element in the theoretical definition of EIPs. Also
presented the results of an RBS which identified
environmental indicators used for the evaluation of eco-
industrial parks. It was identified the following characteristics:
the scope of environmental dimensions treated is significant,
and the focus has been on assessing the environmental
performance combined with economic performance.

The analysis of these studies indicated that the proposed
indicators measure the performance of a park at a given

moment and discuss the accuracy and precision of these
measures. They assist in the evaluation of the symbiosis, but
indirectly by assessing specific aspects of metal recycling,
nature emissions, fuel usage, use of waste.

Therefore, they do not explore how these data can be used
for decision making of brokers, or serve as an incentive to
change the status of the symbiosis, specifically. For this
would need to consider the dynamic changes over time. This
is called a static perspective in this research.

The maintenance of the studies in this perspective can be an
obstacle to the improvement of industrial symbiosis, because
more than measure, it is necessary indicators that can serve
as incentive instruments, capable of generating a dynamic
environment for collaboration and improvement in the level of
symbiosis.

6 CONCLUSION
The Table 1 is a summary of key indicators used in EIPs.

Considering these results, we can conclude that this research
identified an important theoretical gap: the need for proposals
for indicators or indicator systems that consider a dynamic
view of the problem, and indicators that go beyond measuring
performance in a given time and may: 1) show the evolution
of IS in the park over time, and 2) to compare the contribution
of each company for this performance, serving incentive for
the brokers of the park.

The work also indicates a contradiction studies. Although all
articles and definitions recognize the process of industrial
symbiosis as the main element of an EIP, the proposed
indicators do not consider this perspective changes over
time, which would be essential for the incremental
improvement of IS in the park. We propose future research
that can generate a parameter for evaluating the level of
symbiosis over time.
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Table 1. Result of Systematic Literature Review

Authors

Indicators

Sendra, C.; Gabarrell, X.; Vicent, T., 2007

Adapted the methodology Material Flow Analysis (MFA) proposed
by Eurostat [24], widely used to analyze the social metabolism
industrial and evaluate industrial parks and companies, and
complemented with indicators of energy and water

Geng, Y.; Zhang, P.; Coté, R.; Fuijita, T., 2009

The authors presented four groups of indicators applicable in
Chinese industrial parks to measure their eco-efficiency: economic
development indicators, indicators of material reduction and
recycling, pollution control indicators and indicators related to the
management of the park.

87



Environmental indicators applied to reality of Eco-Industrial Park (EIP)

Geng, y.; Fu, J.; Sarkis, J.; Xue, B., 2012

System of twelve indicators categorized into four groups. Four
indicators for the outflow and four consumption category, two
indicators for the integrated resources and two for the disposal of
waste and emissions.

Kurup, B.; Stehlik, D., 2009

To measure the environmental benefits, the indicators used were:
resource conservation, resource security, water contamination,
dust emission, noise and air emission impact. To measure the
social benefits, the indicators used were: productivity, retention of
employees, job security / creation, sharing occupational health and
safety programs' investment in research and development, sharing
of infrastructure and technology, sharing of human resources,
employee relations management, information sharing between
companies, perception of communities in regards to environmental
health, communication about the project in the community,
partnership of educational opportunities for school children,
employment opportunities, complaints from community, sharing of
information between community and industries, level of
understanding about IS projects among the community,
opportunities of public relations, networking between industries and
communities. And finally, to measure the economic benefits, the
indicators used were: business opportunities, infrastructure for
industries, for public infrastructure, labor costs, equipment costs,
raw materials costs, compliance costs, permit costs, cost of
penalties / fines and cost of future liabilities.

Pakarinen, S.; Mattila, T.; Melanen, M.;
Nissinen, A.; Sokka, L., 2010

Through this system the authors have identified and selected
measurable indicators for each the four conditions. For each of the
system conditions was chose to focus (non-renewable resources,
emissions to nature, land use, impacts on human health and
society) that steered the selection of indicators. For non-renewable
resources were selected indicators related to metal recycling,
waste and utilization of byproducts and fuel use. To emissions
were considered specific chemical emissions and the treatment
and recycling of these wastes. For land use used the amount of
logging and minerals. And finally, impacts to human health and
society, the authors considered the risks to health with specific
products and social benefits through cooperation with the
municipality.

Zhu, L.; Zhou, J.; Cui, Z.; Liu L., 2010

The system consists of seven primary indicatiors, that are the key
factors to consider by stakeholders of EIPs, and twenty-seven
secondary indicators, that measure the profiles of each primary
indicator. For the first perspective, the authors considered as
primary indicators: Matching with existing industrial chains, Park
carrying capacity and Park environment performance
improvement. For the second perspective, were considered
indicators: eco-design, economic benefit, resources utilization and
pollutants production.
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Abstract

The purpose of this paper is to address various issues of resource efficiency in the perspective of engineering
education in the Middle East and North Africa (MENA) region, with particular focus on Occupied Palestinian
Territory (Palestine). First, the paper reviews the concept of resource efficiency from several perspectives
including energy, electricity and water related challenges, material management and solid waste
management. Then the current state of the education and training is discussed along with some details
regarding the developed resource accounting perspective for engineering education. Open knowledge
platform is foreseen to aid the transition from problem to solution, bringing engineering education up front to
tackle the resource efficiency challenges in the MENA region. Finally, capacity building through university

graduates is considered as an important mechanism for raising awareness in resource efficiency.

Keywords:

Resource efficiency, renewable energy, water treatment, waste treatment, engineering education.

1 INTRODUCTION

Some countries in the Middle East and North Africa (MENA)
suffer from limited natural resources especially water,
materials and energy. Water shortage is considered as one
of the main problems in the MENA hence measures and
policies to use it efficiently are urgent in this region. Shortage
in conventional resources of energy is another major problem
for some countries like Jordan and Palestine; this could be
partially solved using sustainable and renewable energy
resources. On the other hand municipal solid waste as well
as material wastage in the industries is a major challenge for
resource efficiency and competitiveness.

Resource is an economic or productive factor required to
accomplish an activity, or as means to undertake an
enterprise and achieve desired outcome. Resource efficiency
needs a consistent definition, between nations, disciplines
and business sectors. According to the European
Commission, resource efficiency allows the economy to
create more with less, delivering greater value with less input,
using resources in a sustainable way and minimizing their
impacts on the environment. Similarly, the United Nations
Environment Program (UNEP), defines resource efficiency as
to ensure that natural resources are produced, processed,
and consumed in a more sustainable way, reducing the
environmental impact from the consumption and production
of products over their full life cycles. Although there are many
definitions of resource efficiency, almost all agree that the
three most basic resources are land, labor, and capital; other
resources include energy, entrepreneurship, information,

expertise, management, and time. Resources considered in
this paper include: water, material and energy. Resource
efficiency can be improved through optimization of productive
use of resources at all stages of the production/consumption
cycle. Inadequate use of resources creates waste. Resource
efficiency hence aims to maximize the useful usage of
resources and minimize waste. This goal can be achieved by
controlling the efficiency in stages of: design, production and
consumption.

Designing a product that saves the resource consumption is
one approach for resource efficiency. Producing the product
using efficient processes is the second approach. Efficient
use of the product produced is the third approach. A three-
step approach for analyzing the potential for resource
efficiency improvement are [1]:

e The first step involves the analysis of the current
consumption of materials, and the presentation of a
breakdown of the consumption.

e In the next step efficiency improvement measures are
identified and their effects on material and energy
consumption are calculated.

e In the last step the measures are evaluated and the total
results are calculated.

Reducing requirements for production of new (virgin) material
would lead to reduced rates of extraction of natural
resources, reduced energy and water demand, reductions in
emissions and other environmental harms, and potentially
has national political advantages through offering a reduced
dependence on imports and increased self-reliance. Options
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to reduce emissions, while meeting market demand for
materials, through energy and process efficiency. This
ambition has already driven strong interest in the pursuit of
[2]: increased recycling; material substitution; powering
industry with low-carbon electricity; carbon capture and
storage. Additional material efficiency strategies, that might
provide a significant reduction in the total environmental
impact of the global economy include [3], [4]: component re-
use; longer life; more intense use, repair and re-sale; product
upgrades, modularity and remanufacturing; options for
change that will use less materials to provide more services
(5], [6].

Engineering education is one of the major drivers behind
resource efficiency. Building required skills, human capital as
well as offering the technical/technological innovation to
improve sustainability. The paper outlines Open Knowledge
Platform for Resource Efficiency (OKPRE), being proposed to
aid educational efforts, creating and sharing knowledge and
raising awareness to achieve changes in societal behavior,
production and consumption patterns, and to set up for more
inclusive participation with regard to resource efficiency. In
this respect the OKPRE is intended to aid education and
raise awareness by enabling a multi-stakeholder participation,
dialogue, exchange of best practices and partnership for
resource efficiency.

2 PROBLEMS IN RESOURCE EFFICIENCY

2.1 Energy challenges in MENA region

Energy acts as a main indicator of industrial activity and
improved standard of living. GDP is correlated easily with
energy per capita consumption or domestic material
consumption influencing resource productivity. For non-fossil
fuel producing countries in the MENA region such as
Palestine energy supply can be a limiting factor of growth and
prosperity. Maximizing the use of the available energy
resources on one hand and utilizing renewable energy
resources on the other hand will be the wise option for such
countries. This issue becomes extremely important in view of
70% increase in demand for primary energy over the next 20
years.

2.2 Electricity and water in MENA region

In Palestine, the electricity grid reaches 99% of population
unlike other countries in the region. Even in the oil rich
countries the electricity grid and supply is not 100%.
Palestinians in the West Bank do not generate their electrical
power. The total power purchased is around 98%, the bulk is
supplied by Israel, and Jordan provides around 6%. In Gaza
Strip, Israel supply 50% and Egypt supply 7%. The rest is
supposed to be generated by the Gaza 140-MW Power
Station (GPS). Main problem in Palestine is the equality of
electricity and it duration. Interruptions and break downs are
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very frequent in winter time. In Gaza Strip situation is much
worse due to the unavailability of fuel for the GPS, such that it
operates only a few hours a day. People depend for most of
the time on diesel generators generating electricity at a high
price and polluting the environment. Other constrains when it
comes to energy is the price and the cost. Electricity prices in
Palestine are very high because almost all energy is imported
from Israel at a relatively high cost and then taxed by the
Palestinian Authority. The average selling price of electricity
is 0.115 €/kWh. There are no subsidies; energy therefore
takes a large part of the household income of Palestinians.
The average annual income per capita in Palestine is 1,030
€; the electricity bill amounts to about 10% of the family
income [7].

In general the MENA region suffers from shortage of water.
Countries like Jordan and Palestine in particular suffer from
continuous increase of the water scarcity. Climate changes
and environment issues are adding to already present
political concerns over the water problem [9]. Palestinian
water abstractions have declined over the last ten years, as
the result of the combined effect of dropping water tables,
Israeli restricted drilling, deepening and rehabilitation of wells.
Water withdrawals per capita for Palestinians in the West
Bank are about one quarter of those of the Israelis, and are
continously declining over the last decade. By regional
standards, Palestinians have the lowest access to fresh water
resources as shown in the table 1 below [10].

Table 2: Per capita availability of renewable water resources
in Jordan basin (Sources: World Bank, 2007, PWA, [11]).

Country m3 per capita per annum
West Bank 75

Gaza 125

Jordan 200

Israel 240

Lebanon 1200

Syria 1500

2.3 Material management

Material management is an engineering technique concerned
with planning, organizing and control of flow of materials from
their initial purchase to destination [12]. Material management
aims at getting the right quality and quantity of supplies in the
right time and place at the right cost. The objectives of
material management refer to material planning, purchasing,
procuring, storing and inventory control. On the other hand,
supplies,
distribution and quality assurance of materials. In general, the
best procedure for material management flow is outlined in
Figure 1 that represents a material management cycle [12].

material management helps in organizing

(MENA) region suffers from shortage in different types of
materials that are considered vital for development of this
region. Therefore, it is even more important to use adequate
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management techniques to manage the most important
material resources like petroleum and construction materials
to sustain the resources for a longer period. Stone, marble
and aggregate make up to 50% of materials used in
construction. Managing the life cycle of this material will
improve the efficiency of this resource and the regional
economy as well [13]. The rest of materials used in
construction are divided into metals and non-metals. The
most widely used metal is steel followed by aluminium while
the non-metals relate to rubber, plastic, and wood. Petroleum
producing countries in MENA depend on oil and gas,
responsible for 90% of their GDP [14].

Figure 1: Material management flow diagram

2.4 Solid waste management

Waste increases with the increase in population and
development. To minimize the adverse impacts of waste on
environment and humans, it is necessary to manage and
prevent waste. Management process is handled by planning
and implementing a complete programme for waste
collection, transport, disposal and recycle/reuse. Waste
prevention is better than waste management. Waste
prevention can be done by designing longer life products,
reducing packaging and reusing materials and products. The
second process is recycling and composting. Recycling can
be done by recollecting used materials such as paper,
plastic, glass and metals and reuse or remanufacture them.
Some organic wastes are rich in nutrients and can be used to
improve soils in composting process. Recycling process
reduces solid waste quantities and on the other hand, it
creates job opportunities. Solid waste that cannot be
prevented or recycled must be treated by disposal in land
filling or combustion. Land filling can be done to produce
methane for energy purposes. Controlled combustion is used
to reduce size of waste and produce energy [15].

Figure 2 presents a flow chart for waste management
process in which products are either returned back to be
reused as new products or turned into green energy to be
used for human requirements.

Implementation of sustainable waste management practices
requires an understanding of different social, economic, and
legal/regulatory issues involved, such as:

Institutional level: Establish a national policy and pass
laws on solid waste management standards and
practices.

e Social level: Encourage citizen participation in all phases
of waste management planning to help gain community
awareness, input, and acceptance.

e Economic level: Calculate the initial capital investment
requirements and long-term operating and maintenance
costs associated with the various waste management
activities.

e Technical level: Include geological factors, transport
distances, and projected waste generation in siting and
design considerations.

e Environmental level: Establish procedures to verify the

protection of groundwater and drinking water.
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Figure 2: Waste management flow chart

3 EDUCATION AND TRAINING

MENA societies need solutions for resource efficiency to
attain different national goals for sustainable development.
Exploitation of the synergies across the societies: higher
education institutions, NGOs, investors and professional
bodies are likely to bring resource efficiency to practice.
Education is fundamental to the achievement of the resource
efficiency, therefore modernization of engineering education
and lifelong learning training is needed.

3.1 Innovative education methods

Higher education is considered as one of the most important
reasons for emigration from MENA to Western countries. In
order to avoid this brain drain, it is necessary to improve
higher education system in the MENA including employing
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new modern learning techniques. The modern learning theory
states that “Student is the centre of learning process while
teacher is just a facilitator”. Figure 3 presents the distribution
of MENA students abroad. It is clear that the majority of
students is distributed amongst the EU countries.

Figure 3: Distribution of MENA students studying abroad
(Source: UNESCO 2008).

Project Based Learning (PBL) is considered as one of the
best methods for engineering education. PBL is based on
using practical projects on which students work in groups to
implement scientific theories on real problems. Here,
students are divided into groups where each group works on
a specific project or problem to be solved. Problems are
selected to solve problems facing local society. Community
Based Learning (CBL) is another learning technique based
on integrating students into local community and reflecting
the impact of education on this community. CBL can be
applied on engineering education as well as other scientific
and humanity disciplines.

Cooperative (CO-OP) education is considered one of the
most important learning methods for Engineering, Information
Technology and Business educational disciplines. CO-OP
can be divided into two main techniques: In-class cooperative
learning and in-market cooperative learning. It helps students
to share ideas and opinions, ask for reasoning, work in
teams, encourage everyone to participate and energize
groups. On the personal level, it leads students to learn
monitoring, observing, intervening and processing [16]. In-
market CO-OP learning aims at developing partnership with
local market and industry and opening new opportunities for
students and graduates in their future career and business.

3.2 Lifelong Learning

Lifelong learning (LLL) is a very wide concept and has been
defined by different people depending on the national context.
It can involve the following forms: adult learning; non-
traditional students in a formal and informal environment;
supplementary (non-degree) study programmes; career
reengineering programme. The activities carried out under
LLL can vary from part-time, distance, adult, mixed-mode,
electronic and open learning. Lifelong learning can be
provided either by HEIs or by private professional

The role of resource efficiency in engineering education

associations. Nevertheless, it is required from the
governments to lay out rules and measures for the
implementation of LLL in the frame of cooperation between
higher education and industry [17].

4 3.3 RESOURCE ACCOUNTING PERSPECTIVE FOR
ENGINEERING EDUCATION

This paper presents a newly developed model for engineering
education. The proposed model for engineering education is
based on the Integrated Definition Function (IDEF) Modelling
technique. The engineering education model shown in Figure
4 is based on considering “Engineering Education” as the
main function to be modelled. This function is supported
mainly by six variables: inputs, outputs, controls,
mechanisms, information and dynamics. These variables are
connected as follows:

Outputs: The main outputs of the engineering education
process are: Knowledge - is the most important output on
which most of other outputs depend. Graduates - engineers
from all disciplines should obtain the necessary level of
education that fits to the needs of the local society.
Opportunities - Having good education process leads to
opening new opportunities, jobs, and business. Development
- This educational technique helps in the development of
local industry and society leading to improving the life level of
people.

Inputs, Information, Controls & Mechanisms: The main
inputs to the engineering education process are: Curriculum —
Preparing curriculum for engineering programme requires
taking inputs from state of-the-art literature, best practices
and case-studies. To support ftraditional educational
techniques, Cooperative education should be applied to
assure sustainability. Students — are the centre of education
process. Besides to theoretical information, students need to
be aware of issues related to their disciplines. Assessment is
used to control and evaluate the level and adequateness of
these students. Students need to attend Lifelong Learning
courses during and after their study period to stay up to date
with all recent advances. Facilitators — In modern educational
theories, teachers are called facilitators because their main
job is facilitating ways for students rather than lecturing.
Facilitators get their experience from global contacts with
higher educational institutions and industrial partners. They
transfer knowledge obtained through these contacts to the
education process. The level and appropriateness of this
knowledge is measured and controlled by taking feedback
from local society. Resources — All previous items require
resources to be accomplished. These resources are decided
referring to the experimentation requirements and should be
related directly to the existing resources of the local society.
Resource efficiency methods should be aided here by an
Open Knowledge Platform for Resource Efficiency (OKPRE).
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This platform plays the role of intermediate between HEI and
society.

Dynamics: The deteriorating  Engineering
Education process take their input from Market needs. The
variables affecting these dynamics are: Theory, Research
and Practice used to vary Awareness of students. The output
of these dynamics is the Knowledge given to students.

dynamics
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5 OPEN KNOWLEDGE PLATFORM FOR RESOURCE
EFFICIENCY

In order to achieve a sustainable, resource efficient society,
behavioral change among government authorities, private
sector, organizations as well as individuals is necessary.
Education is needed to promote sustainable societal behavior
and enhance understanding and skills for the development of
a resource efficient, sustainable society. In general, there is a
wide variety of tools available to support an uptake and
implementation of resource efficiency, such as [18]:

e Studies and analysis of trends in current resource
efficiency and consumption and production patterns.

e Policy frameworks for stakeholder cooperation in
resource efficiency.

e Economic analysis and business models for resource
efficiency in the private sector.

e International expert networks and platforms, and links
between education providers and policy bodies as well as
government agencies.

e Capacity building tools for sustainable management,
approaches and product choices for
governments, civil society organizations, etc.

operations

Education is one of the key elements to achieve a resource
efficient society, therefore a tool that facilitates information
exchange, knowledge assessment, raising awareness and an

adoption of best practices is needed. This is addressed
through the Open Knowledge Platform for Resource
Efficiency (OKPRE). The OKPRE is a digital forum, ICT open
data knowledge hub combining open social media, distributed
knowledge creation and sharing tools in order to create new
and innovative practices of resource efficiency.

6 RAISING AWARENESS

Raising awareness will be partially incorporated into the
OKPRE to drive the transformation of markets and to ensure
a gradual adoption towards resource efficiency. The needed
transformation requires an open exchange of ideas among
students, interdisciplinary researchers, enterprises, business
executives, and the public. To raise awareness and gain
impact, a forum for multi-stakeholder participation, dialogue,
exchange of experience, best practices and partnerships for
resource efficiency will be incorporated to OKPRE with the
aim of making awareness open and hence more accessible
to a broad base of stakeholders in Occupied Palestinian
Territories (OPT) and the wider MENA region, covering public
institutions, private sector and civil society. The following
steps may offer a way forward for developing an outreach for
resource efficiency:

e Conducting needs assessment: Awareness actions are

most likely to succeed if they are developed in
cooperation with major stakeholders and individuals from

society at large to complement governmental
development strategies.
e Developing national/regional resource  efficiency

awareness actions: The major issue in this step is to
implement what needs to be achieved (as per identified
needs) and how to engage partners and stakeholders in a
broad and open effort.

e Dissemination through workshops for stakeholders:
Dissemination should communicate the findings of the
needs assessment; agreed list of priority activities;
recommendations for implementation; and produce a
strategy paper (published action plan) for establishing
resource efficiency awareness program.

e Implement priority activities: In the case of raising
awareness, activities may range from web and radio/TV
programs and launching PR campaigns.

e Strengthen and sustain the outreach: Sustainability is
always a major challenge for outreach programs. Funding
and collaborative partnerships need to be maintained
over the longer term.

Another imminent approach is to share and analyze the
feedback of the novel, even though regionally focused,
resource efficiency approaches to engineering education
within international forums, such as this conference.
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7 CONCLUSIONS

This paper discussed engineering education in the MENA
region with the focus on integrating resource efficiency
knowledge in this process. Statistics about water and energy
problems in the MENA region were given for case studies
from Palestine. Proposed solutions for waste management
and material management were discussed and
demonstrated. Novel techniques of engineering education
was debated, concluding that using new educational
strategies like CO-OP, Problem Based Learning and Lifelong
Learning can lead towards more sustainable society. A new
educational model based on IDEF modelling technique was
depicted. This model involves most of the necessary inputs,
outputs, mechanisms, controls and information required for
the advancement of educational process. The dynamics
shown in the model represent the factors that deteriorate the
learning process and its influence on the level of knowledge
obtained. The OKPRE was introduced to support practices
for sharing educational knowledge, to achieve changes in
production and consumption
awareness regarding resource efficiency through open
access approach.

patterns, and to raise
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Abstract

Design of more sustainable products is a fundamental priority in our society. New opportunities for facilitating
the dissemination of the remanufacturing approach or the Product-Service Systems, or for increasing the
lifetime of product (three ways for rationalizing of materials) are proposed by the integration of upgrades,
functional enrichments brought to the product. This paper aims to show the need of product upgradability

through a concrete study focused on four hypotheses:

» H1- Upgradability concept requires a potential of disposed devices which still works.

» H2- Upgradability concept requires a need for adaptability of product towards user needs.

» H3- Upgradability concept requires a need for adaptability of product versus the competition.

» H4- Upgradability concept is consistent with an accumulation of problems.

The first results show the necessity to consider a new sort of "evolutionary" products for sustainability:

Innovations with multiples upgrade cycles.
Keywords:

Sustainable innovation, Upgrades, PSS, Remanufacturing

1 CONTEXT

Our society is increasingly concerned by environmental
issues. The accelerating rhythm of products renewal causes
accelerated exploitation of materials and energy. Today, with
an annual consumption of raw materials of approximately 60
billion tons [1], the world population consumes about 50%
more natural resources than 30 years ago [2]. In OECD
countries, the domestic waste stream has increased by 40%
in volume between 1980 and 1997 [3].

These current patterns of consumption and mass production
are no longer compatible with sustainable development, a
development that meets the needs of present generations
without compromising the ability of future generations to meet
their own needs [4]. To remedy this, it is necessary to
imagine new paradigms of production / consumption, such as
the "post mass production" [5] or the “parsimony” paradigm
[6].

1.1 Upgrading and Remanufacturing

In order to contribute to the rationalization of the use of
materials some recent works focus on the management of
different “end of life options” for a product (or parts of a
product) [7-10]. There are three main different end-of-life
strategies: reuse, remanufacturing and recycling.

Remanufacturing is “the process of restoring discarded
products to useful life" [11] or "the process of returning a
used product to at least Original Equipment Manufacturer
performance specification and giving the resultant product a
warranty that is at least equal to that of a newly manufactured
equivalent” [12]. In our past research works [13], a more pro-
active and global approach of designing remanufacturable
systems has been defined: the MacPMR methodology of
designing remanufacturable systems (which consists of six
tasks [14]). In this method, a remanufacturable system is
characterised by several cycles of use, several “meetings”
between the customer/user and the product improved step by
step with the integration of upgrades [15]. An upgrade is

defined as a functional enrichment brought to the product.
These upgrades brought to the product, at each change of
cycle, increase the attractiveness of a remanufacturable
system for the customer. This added attractiveness, brought
dynamically and in step with integrated upgrades, is an
opportunity for facilitating the dissemination of the
remanufacturing approach.

1.2 Upgrading and Lifetime of product

More generally, with these upgrades the lifetime of any
system can be increased. Why? Because, it becomes
possible to manage the two key reasons why users discard
products [7]: (a) Physical Life Time (PLT) [lifetime related to
reliability] “the time until a product breaks down” and (b)
Value LifeTime (VLT) [lifetime related to the obsolescence]
“the time until a product is disposed when its performance,
functionality or appearance cannot satisfy customer’s needs
any more, although the product itself might work well.” [7].
The concept of “Utility Value” (UV) which reflects the “whole
time” when the product has value [16] is similar: it depends
both on “physical causes”, and “value causes”. The
integration of upgrades can be made by a distributor/retailer,
by a technician at home, by user (in “plug-and-play” way),
etc., and not necessarily with remanufacturing operations.
Then the reliability problems could be managed with the
upgraded modules (when upgraded modules and no reliable
modules are the same) or with a specific maintenance
agreement. So upgrading is a way to increase the lifetime of
any system. And delaying the replacement of a product is a
strategy for rationalizing materials.

1.3 Upgrading and PSS

Another way for rationalizing materials is the
dematerialization principle. Considering multiple cycles with
integration of upgrades implies “upgradability services” and
these added services could conduct manufacturers to switch
offering more services, more precisely “Product-Service
Systems” (PSS): “A product-service system is a system of
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products, services, networks of actors and supporting
infrastructure that continuously strives to be competitive,
satisfy customers’ needs and have a lower environmental
impact than traditional business models” [17]. Three types of
PSS are defined related on the share of services in these
new offers [18]: product-oriented PSS, use-oriented PSS and
result-oriented PSS. Increasing the rate of the product use by
the servicizing of the offer represents another strategy for
rationalizing materials. But it's hard to propose new service
with added value: it's one of the reasons why PSS has
difficult to generalize.

Aren’t the upgrades a new potential to sell “addictive”
services? Indeed, the integration of upgrades (functional
enrichments brought to the product) could increase the
attractiveness of a system for customers, step by step during
its life. Therefore « upgradability services » is an opportunity
for industrial companies who want to switch to offers with
more services, and for the dissemination of PSS.

More generally, upgrading is an opportunity for the diffusion
of sustainable innovation rationalizing materials, related to
three points-of-view:

. end-of-life management point-of-view
(dissemination of remanufacturing)

. extended lifetime point-of-view

. servicialization point-of-view (dissemination of

PSS)

In this context, the issue of the need of product upgradability
is very important and earns to be treated. That's why after
presenting the upgrading opportunities for rationalizing
materials in section 1, hypotheses to measure the real need
of product upgradability are developed (section 2). This study
is based on an important survey completed by a qualitative
approach (section 3). The results which show the need of
product upgradability are presented in section 4. Conclusions
are discussed in section 5.

2 ISSUES

In marketing, there is a vast literature on how to sell products,
the reasons for purchase, the satisfaction or the
segmentation of customers. But very few papers explain the
motivations and disincentives influencing the replacement
decision.

The motivations influencing the replacement decision can be
distributed in three categories [19]: product desired
characteristics, situational influences, consumer
characteristics. The parameters of product perception can be
ordered in two dimensions: hedonic and utilitarian [20].
satisfaction drives fidelity [21]. Finally, three types of
disincentives to repair a product are identified: financial cost/
temporal cost / risk [22].

In disincentives influencing the replacement decision, seven
criteria for consumer-product attachment are identified:
memories, self-identity, utility, life vision, enjoyment, market
value, and reliability. Only the criterion “Memories” is
positively related to the degree of consumer-product
attachment [23]. A psychological cost, defined as the feeling
of waste, has been identified [24].

An exploratory study has been done on the household
products recently replaced by some people. This study was

based on qualitative (45 persons) and quantitative (90
persons) questionnaires. The goal was to understand better
(1) the reasons which motivate product replacement decision,
(2) the reasons which curb product replacement decision and
(3) the motivations and disincentives to repair. The results
are presented in the table below (Figure 1)

. Main Motivations for Product replacement
The replaced device no longer fulfilled | reason cited spontaneously
by 43.2% of respondents;
importance in the decision =
5.7/7
43,2%;imp.=5,4 /7
37,8%;imp.=5,3/7

its main function

Willingness of more performance
Willingness of more Options
Willingness of more convenience 35%;imp.=5/7
Because of Visual degradation 18,9%;imp.=3,7 /7
. Main brakes for Product replacement
Price of the new device 64,9%;imp.=5,1/7
Attachment to the old device 18,9%;imp.=3,3/7
. Main Motivations to repair

Low cost reparation 24,3%

Ecological motivation 16,2%
. Main brakes to repair

Too expensive/value of device 37,8%

Uncertainty on the quality and the | 21,6%

result

Repairer hard to find 16,2%

Figure 1: Exploratory study results.

In this study on the recent replacement of a small appliance,
two products are more frequent: vacuum cleaner & coffee
machine. Even if there are some differences in the results
between the different household products, this survey shows
the following trends:

+ 1. Disincentives for product replacement and motivations
and disincentives to repair are mainly related to the price (of
the product or the reparation).

+ 2. Some devices that still work well are disposed (only 43%
have a problem of main function).

From these results, the issue of replacement of products can
be focused on the reasons why some devices that still work
well are disposed. We make four hypotheses on the causes
of product replacement which could also represent potentials
in the future for the upgradability of products:

. H1- Upgradability concept requires a potential of
disposed devices which still works.

When the device still works:

. H2- Upgradability concept requires a need for
adaptability of product towards user needs: it is distinguished
changing situation in the user's life (moving, animal adoption
...), weakening performance (declining primary function) and
problems including reliability.

. H3- Upgradability concept requires a need for
adaptability of product versus the competition.

. H4- Upgradability concept is consistent with an
accumulation of problems.

3 RESEARCH METHODOLOGY

The original positioning of our article is that we don’t want to
add another theoretical paper but a concrete study with multi-

country (France, Germany, Spain) point-of-views on a
specific type of product, the electrical household devices.
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To validate the need for upgradable products, two types of
study have been conducted:

. a large quantitative survey related to the four
hypotheses to quantify the product replacement causes

. a qualitative study (based on focus group) related
to the hypothesis 3 to validate the “versatility” of consumers
faced with the introduction of innovations.

3.1 Questionnaires

The first study is based on a quantitative survey as large as
possible on the replacement causes based on 480
questionnaires of 50 items (Figure 2). This survey focuses on
two specific products: the vacuum cleaner and the expresso
machine, respectively a “drudgery” and “pleasure” device. To
consider the context of purchase, this study was conducted in
two types of retailers (supermarkets and specialized stores)
and in three countries with different consumption habits
(France, Germany, and Spain). The questionnaires were
administered to people in real situation of product
replacement.

O

Supemarkets

Vacuum Cleaner

40 questionnaires

Expresso Machine

40 questionnaires

Specialized stores

Vacuum Cleaner

40 questionnaires

Expresso Machine

40 questionnaires

Vacuum Cleaner

40 questionnaires

) e Expresso Machine 40 questionnaires
- L Vacuum Cleaner 40 questionnaires
Sp ized stores : . -
Expresso Machine 40 guestionnaires
Vacuum Cleaner 40 questionnaires
Supermarkets

Expresso Machine

40 questionnaires

Specialized stores

Vacuum Cleaner

40 guestionnaires

Expresso Machine

40 questionnaires

Figure 2: The structure of the quantitative study.

The questionnaire is structured as follows:

. Set 1: questions around the replaced product
(purchase, use, disposal)

. Set 2: questions about technical problems of the
replaced product which push for its replacement

. Set 3: questions about the new features proposed
by the market which encourage to purchase a new product

. Set 4: questions about the consumer and his life
contributing to the product change

The goal is to distinguish different categories of behavior, by
comparing these fields of questions and responses on the
four hypotheses.

3.2 Focus Groups

This quantitative study was supplemented by a qualitative
approach on a vacuum cleaner, based on a series of focus
groups to trace the evolution of consumer choice criteria
related on their experiences and knowledge of the new
products. The goal is to better understand why people
change products even if they still work perfectly.

In a first step, the participants imagine a list of innovations
they want to integrate in the future product and they
individually hierarchize them.

In a second step, 11 specific innovations illustrated by the
Figure 3 are presented to the group. Then, each participant
hierarchizes the innovations desired again, including the list
of innovations imagined by the group and the 11 innovations
proposed.

Upgradable system opportunities in order to rationalize materials

The last step consists in a comparison of the innovations
chosen the two times, and their ranking. The “versatility” of
consumers about the innovations desired depends on the
variance of the results.

Battery

charge level Integrated Feather duster
74 \

Design integration Telescopic handle

[
A

d

Figure 3 : Four innovations among the 11 proposed to the
group.

4 EXPERIMENT AND RESULTS

4.1 Results of the quantitative survey

The analysis of the first results of the survey is presented
below. In a first part, a comparison between the studies
related to the vacuum cleaner and the expresso machine is
proposed. In a second part, the comparison focus on the
differences between the results obtained in France and in
Germany (the survey in Spain is not completed) for vacuum
cleaner, to show the importance of the cultural context.

4.1.1. Comparison between Vacuum Cleaner and Expresso
Machine

For the vacuum cleaner and the expresso machine, more of
50% of products are disposed whereas they still work (Figure
4). This result confirms the potential for upgrading identified
in the exploratory study: not all products are discarded
because they are out of service (hypothesis 1), and so
functional improvements could respond to these
dissatisfactions in order to extend the lifetime of products.

For the expresso machine, classified more like a “pleasure”
product than vacuum cleaner, more products are discarded
even if they still work.

Vacuum cleaner Expresso Machine

Supermarket & ‘ )
Electronic Dealers 70

53% . ouT of
by 64%

Figure 4: Hypothesis 1 - vacuum cleaner vs. expresso
machine.

Supermarket & ‘ )
Electronic Dealers 80

When the device still works, “the reasons related to
adaptability or technical problems of the old device which
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push for its replacement” and “the reasons related to new
features proposed by the market which encourage
purchasing a new product” appear with a certain importance
(hypotheses 2 & 3 - Figure 5). Upgrades could satisfy these
two types of replacement causes. For the expresso machine,
it seems that the reasons related on the benefits’ promises of
the new products are the majority. It's not the case for
vacuum cleaner.

Vacuum cleaner
Supermarket & ‘ )
Electronic Dealers 42

H2 Needs for
adaptability Juser

Expresso Machine

Supermarket & ‘ )
Electronic Dealers45

42%

62%

H$ Needs for adaptability
feompetition

Figure 5: H2 & H3 - vacuum cleaner vs. expresso machine.

Focusing in the reasons related to adaptability or technical
problems of the old device which push for its replacement
(hypothesis 2), the problems including reliability are more
prevalent than two others causes (Figure 6). A weakened
performance on the main function represents only 11%. The
share of the changing situation in the user's life (moving,
animal adoption ...) is more important for vacuum cleaner.

Vacuum cleaner

Supermarket & ‘ )
Electronic Dealers 26

Expresso Machine
Supermarket &

Electronic Dealers 19 ‘ )
eds change

ds change

Reliability Problems

549, Reliability Problems M%

68%
1%

Weakened Performance

(impaired main runcon) Weakened Performance
(impaired main function]

Figure 6: Focus on hypothesis 2 - vacuum cleaner vs.
expresso Machine.

The Figure 7 shows the importance of problems
accumulation related to: problem of suction (vacuum
cleaner)/coffee quality (expresso machine), accessories
problems, reliability problems, discomfort of use, handling
problems, and maintenance problems. The concept of
integrated functional improvements seems a good solution to
correct dissatisfactions at the earliest date (hypothesis 4). For
the expresso machine, the accumulation of problems is less
important: the major cause identified is the quality of the
delivered coffee. In fact, it's a product for “pleasure” and
requiring few handling actions (it's a “press-button box”). So,
the focus is on the quality of the delivered coffee. Consumers
have a more hedonic approach. The upgrade concept is
interesting for the coffee quality to follow the technological
and “coffee fashion” changes, notably if you consider the
possibility of different modules or accessories.

Vacuum cleaner

Supermarket & \ )
Electronic Dealers 80

Expresso Machine
Supermarket & ‘ )
Electronic Dealers 70
More of 3 problems
Accumulation of 3

More of 3
proble 0 onenly 1 problems
problem
29%
0 1
Acc Accumulation pl::ll:mw
3pr of 2 problems
53
Accumulation 3% %
of 2 problems
31%

Figure 7: H4 - vacuum cleaner vs. expresso Machine.

4.1.2. Comparison between France and Germany (Vacuum
cleaner)

The comparison between the results obtained in France and
in Germany (the survey in Spain in not completed) shows a
bigger share of disposed devices still working in Germany
than in France (hypothesis 1 - Figure 8). The share of the
reasons related to new features proposed by the market
which encourage purchasing a new product are more
important too (hypotheses 2 & 3 - Figure 9). German
consumers seem to buy more expensive devices and to be
more demanding than French consumers. Maybe that's why
they have less problems of reliability (Figure 17) while they
verbalize more problems (hypothesis 4 - Figure 11). The
importance of the share of a weakened performance on the
main function could be explained by the fact that the North
European countries have more carpeting (Figure 10). The
results are sensibly different but the four hypotheses on the
need for product upgradability are validated too.

Vacuum cleaner

Supermarket & ‘ ,
Electronic Dealers 80

Vacuum cleaner

Supermarket & 9
Electronic Dealers 80

53%

-

OUT of

Senv
i J '69%

Figure 8: H1 — France vs. Germany.

Vacuum cleaner Vacuum cleaner
Supermarkst & ‘ ) Supermarket & 9
Electronic Dealers 42 Electronic Dealers 55

H2 Needs for adaptability
luser

62% 51%

H3 Needs for adaptability
Icompetition

Figure 9: H2 & H3 — France vs. Germany.
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Vacuum cleaner
‘ ) Supermarket &
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Electronic Dealers 28
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ds change s change
43%
Reliability Problems Reliability Problems
54%
1% 20%
Weakened Performance WEEREned Performance

(impaired main tunction)
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Figure 10: Focus on H2 - France vs. Germany.

Vacuum cleaner

/ 0 or only 1 problem

Vacuum cleaner
, Supermarket &
‘ Electronic Dealers 80

Supermarket &
Electronic Dealers 80

0 Gnenly 1 4%
problem
Accumulation
29% of 2 problems
24%
Accumulation
of 2 problems
3%

Figure 11: H4 - France vs. Germany.

4.2 Results of the Focus Groups

To complete the survey results, particularly on the Hypothesis
3, two focus groups on a vacuum cleaner have been
organized to trace the evolution of consumer choice criteria
related on their experiences and knowledge of the products.
For confidential reasons, results are presented in term of
“anonymous innovations”.

From the first focus group (six persons), the results (Figure
12) show a strong variance between the two parts of the
experiment. Only six innovations verbalized by the group are
formulated twice (marked in yellow and green color) and only
two at the same ranking level (marked in green color). The
second part of this table shows that 11/18 innovations
desired come from the 11 innovations proposed (see Figure
3).

From the second focus group (five persons), the results
(Figure 13) show only two innovations formulated twice and
none at the same ranking level. 12/15 innovations in the
second part come from the 11 innovations proposed.
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Figure 12: Results of the focus group 1.
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Figure 13: Results of the focus group 2.

These results show the “versatility” of consumer choice
criteria related on their experiences and knowledge of the
potential innovations. For certain persons, these new features
proposed by the market are sufficient to encourage them
purchasing a new product. This population is included in the
share entitled “need for adaptability of product /competition”
(hypothesis 3).

5 CONCLUSIONS

In this paper, the necessity to consider innovations with
multiples upgrade cycles for rationalizing of materials is
showed.

The first results of the survey related to the replacement of
the vacuum cleaner and the expresso machine show that
more of 50% of products are disposed whereas they still work
(hypothesis 1 validated). In this park of discarded devices
which still works, the replacement reasons concern both the
“adaptability or technical problems of the old device which
push for its replacement” (hypothesis 2 validated) and the
“new features proposed by the market which encourage
purchasing a new product” (hypothesis 3 validated). This
survey also shows the importance of problems accumulation
and/or the variety of these problems (hypothesis 4 validated).
The need of product upgradability is validated.

More precisely, for the expresso machine, classified as
“pleasurable product” (vacuum cleaner is more identified
“house work”), and in the cultural context of Germany, the
share of product replacement due to the “new features
proposed by the market which encourage purchasing a new
product” are more important. The results of two focus groups
confirm the “versatility” of consumers in front of the potential
innovations proposed to them, which can be sufficient to
encourage purchasing a new product. These last results
show different determinants (type of product, cultural and
competition context, consumer) to define the upgrade
integration strategy of an upgradable system. Some issue
arise: How many upgrades must be integrated? What types
of upgrades? What upgrade integration rhythm?

Faced with the changes in competitors and the evolving
needs of customers, the product is currently designed as a
too static artefact. We claim the necessity of a new sort of
"evolutionary" products able to adapt themselves gradually to
the evolving requirements of users by upgrades integration
while improving radically the environmental performance on
all life cycles (see Figure 14): compared to a conventional
product which is changed every six years, an upgradable
product with functional enrichment brought more regularly
allows an important material consumption reduction. With the
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possibility to upgrade the product, the lifetime of the product
may be longer, and new possibilities to provide more services
that provide value to the customer and money to the
company appear.

Faced with these new issues (rhythm of upgrade integration,
business model changes, improvement of environmental
impact on several cycles ...), this paper shows the necessity
to develop a new design methodology (Design for
upgradecycling).

'
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Conventional 6 years

6 years
Product ks
2 36ke
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Relocation of businessactivities (>> jobs)  [E

Figure 14: Sustainable innovation with upgrade cycles.
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Abstract

Improving material efficiency in the manufacturing industry is a sustainability imperative for companies due to
economic and environmental advantages such as the reduction of material costs and resource use.
Innovative solutions in terms of material efficiency measures are diverse and widespread. As a systematic
assessment of efficiency approaches and their effects are likely to support dissemination and deployment,
this paper aims to develop an approach that helps to classify material efficiency measures. The classification
approach presents different dimensions and properties of material efficiency measures based on a literature
analysis regarding existing classification approaches as well as on work that has been conducted for the Eco-
Innovation Observatory. The classification has been designed as basis for an empirical impact assessment of
material efficiency measures based on a data sample that stems from the German Material Efficiency

Agency.
Keywords:

Classification; Material Efficiency Measure; Sustainable Manufacturing

1 INTRODUCTION

Material engineering and processing companies are facing
change. Growing constraints regarding material availability
and increasing raw material prices are increasingly
anticipated as entrepreneurial risks requiring preventive
adaption strategies [1] [2]. At the same time, new business
chances in terms of revenue growth, comparative cost
advantages, an improved risk management and a better
reputation appear to be tangible for those companies that
manage those challenges pro-actively [3]. Pro-active
businesses would not only be in the favourable position to
realise these potentials, but also to “change the rules of the
game” [4].

One opportunity for companies to meet the changing
framework conditions is the implementation of measures that
lead to an improved material efficiency and thus to a reduced
use of material resources. Recently, data from case studies
from the Germany Material Efficiency Agency (demea)—
which offers support to consult small and medium sized
enterprises regarding the implementation of material
efficiency measures (MEMs)—were analysed by a number of
studies and projects [5] [6] [7]. It was revealed that
implementing simple and low-cost MEMs can lead to savings
of around € 200,000 per company and year, corresponding to
2% of the yearly company turnover and facing one-off
investments of around € 130,000.

Nonetheless, the actual implementation in business leaves
much to be desired—only one in seven of all companies and
one in four innovating companies in the EU-27 are
introducing those kinds of innovation that lead to a material
use reduction [6]. Amongst others, the lack of entrepreneurial
action can be traced back to barriers (e.g. uncertainties
concerning the return on investment). In order to accelerate
the application of MEMs, decision makers in business need

to be better informed about MEMSs, their costs and benefits.
To this end, an improved understanding about the range of
different MEMs would be useful.

The present paper addresses this subject. Based on the
analysis of scientific articles, studies and other publications, it
will present a possible classification approach of MEMs. The
developed approach will be the future basis for an in-depth
analysis of the demea case studies.

2 LITERATURE ANALYSIS

2.1 Definitions

The concept of efficiency compares the inputs of a system
with the outputs of that system. Regarding material efficiency
on a corporate level, the inputs of the system are physical
resources that go into a production process with the output of
produced goods (products and services), which have an
economic value. The less material input is needed to
generate the same amount of output (or the more output is
generated with the same amount of input), the more efficient
the system is. Correspondingly, a MEM would be an
entrepreneurial action that has the aim to reduce the input of
materials while the same economic output is generated with
regard to the production of goods.

Material efficiency is closely related to the concept of
resource efficiency, with the difference being that they have
different system boundaries. The material efficiency concept
focuses on one stage of a resource’s life-cycle, in contrast,
the concept of resource efficiency is more broad as it regards
the efficiency of a resource’s extraction, its use and resulting
environmental impacts over all life-cycle stages [8]. This
paper focuses on sustainable manufacturing und thus on the
manufacturing phase, consequently, the efficiency term of
this paper refers to the material efficiency concept.
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2.2 Method

A plethora of scientific knowledge regarding the subject of
material efficiency has been generated over the past few
years. In order to analyse the diffusion of the classification of
material efficiency measures in companies of the
manufacturing industry in the scientific discussion, a keyword
search was conducted. As part of the search, the publication
databases Web of Knowledge, Scirus, BASE, Google
Scholar and ScienceDirect were scanned for publications that
contain the following keywords and/or combinations of them
(e.g. material, efficiency, measure, categorisation), as far as
possible within the title and/or the full text:

e material OR resource,

o efficiency OR productivity,

e measure OR strategy,

e classification OR categorisation,
e manufacturing.

More than 20,000 documents (including redundant hits as
well within as across databases) including the above
mentioned keywords and/or combinations were found in the
five databases. However, hits were screened only until a
number of 150 entries per search query, so that around 4,000
documents were screened very roughly for a thematic
relevance to the research question of this paper. As a result,
around four dozen reviewed articles were considered to be
the most promising and were used for a deeper analysis.
Additionally, cross-references with further subjects such as
(eco-)innovation, (cleaner) production, (sustainable)
manufacturing etc. and links to further publications such as
other journal articles, books and book chapters, conference
contributions, project reports etc. were researched and
included into the literature analysis as well.

3 CLASSIFICATION OF
MEASURES

MATERIAL EFFICIENCY

3.1 Terminology

The following approach including the ensuing terms will be
used for the classification of MEMs: A MEM can be classified
regarding different dimensions. Each dimension is described
by a bundle of properties, of which only one property can be
valid per dimension. It is possible to specify properties on
further levels by introducing sub-properties. The collection of
all valid properties across the different dimensions forms the
type of the MEM. Distinguishing MEMs by their types, in
terms of valid properties across the different dimensions,
shall constitute this paper's approach of how to classify
MEMs.

3.2 Classification approaches in the literature

In the course of the literature analysis, general insight
regarding classification approaches of MEMs in scientific
literature was gained.

Due to the fact that there are a lot of different terms when it
comes to describing the material efficiency concept, the
search for classification approaches of material efficiency
measures was aggravated. In order to have a higher or better
hit quota, additional expressions such as resource efficiency,
etc. were included into the search. It is however evident that
this choice was not able to cover the whole range of possible
terms describing the same phenomenon (e.g. expressions

such as material or resource use and savings or benefits
would have been possible, too). There are also a number of
synonyms for measure and strategy (e.g. innovation,
practice, action or opportunity) and classification and
categorisation (e.g. typology, group, set or characteristic).

A further factor making searches more challenging is the
importance of the classification of MEMs for the respective
publication. In most of the cases, the classification approach
is more a methodological step on the way to analyse a
specific research question than the essence of the scientific
publication itself. As the classification happened more
incidentally, the identification of classification approaches in
the literature is possible in limited form only (e.g. as it is not
necessarily listed in the publication title, however the titles
were used for the rough screening regarding the thematic
relevance of the publication).

Only a small number of the publications considered as
promising developed a general approach of how to classify
MEMs (e.g. in [5] [9] [10]). For the most part, the publications
dealt with only one thematic area and therefore with only one
classification dimension and its different properties (e.g.
green technologies in [11] [12] [13]).

Furthermore, there are publications about MEMs that
presented a bundle of common and concrete MEMs, however
failed to introduce a general classification (e.g. in [14] [15]
[16]).

3.3 Own classification approach

As a result of the literature analysis, the following thirteen
dimensions and their properties to classify MEMs were
identified. Some of the dimensions were further specified on
a second- and third-tier level (see Table 1). The choice of
dimensions and properties is not understood to be complete
and exclusive—it is rather a first approach of how a MEM
classification could look like.

General nature (dimension 1)

The general nature of a MEM gives an answer to the question
of the pursued superior strategy: Is it a business model
decision, a technical option, an organisational change or a
personnel development measure? These four properties are
the result of different approaches found in the literature.
Other perspectives for the general nature of a MEM would
have also been possible; for the most part they are, however,
reflected in the following dimensions.

Due to the wide scope of the general nature dimension, the
four properties are further specified on a second-tier level.
Whereas the properties for the business model are based on
a single and pertinent source [17], the technical material
efficiency properties have been compiled on the basis of
several approaches from diverse literature findings. Technical
material efficiency changes can target a company’'s
infrastructure, its product design, manufacturing method,
production planning and production process, the sphere of
manufacturing and it can be another technical strategy, too.
This classification, however, is still too rough. Therefore a
third-tier level has been introduced that specifies the
technical material efficiency strategies:

e The infrastructure dimension distinguishes between
changes regarding technology, machines, tools and the
building including other equipment. The technology
dimension again is manifold and could be further
specified, such as into environmental, optical,
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automation, information and communication, production,
energy, material and building technology and nano- and
biotechnology  [18].  Again, the environmental
technologies could be further specified to e.g. cleansing,
cleaner process and clean technologies, etc. [11].

e The product design determines the material use of a
product during its life-cycle phases to an enormous
extent—80 % of the economic cost and environmental
and social impacts are fixed through the product design
[19]. There are a lot of opportunities to determine the
material use already in the design phase [20] [21] [22]:
changes in the product function (e.g. combined
functions), durability, size, construction, choice of
materials (e.g. use of secondary raw materials) and
auxiliary materials and considering resource efficiency
aspects during the phases of manufacturing, packaging,
use, reuse (or remanufacturing or recycling) and final
waste treatment.

e The decision for a certain manufacturing method can be
the subject of a MEM. Decisions regarding the following
manufacturing method properties are possible: material
flow structure (e.g. convergent material flows), cross
linking of manufacturing steps (e.g. circular material flow),
degree of repetition (e.g. serial production), physical
arrangement of manufacturing steps (e.g. workshop
production) and other technical determinants (e.g.
changing from a chemical to a biological process).

e Whereas changes regarding infrastructure, product
design, and manufacturing method are of a more long-
term nature, modifications concerning the production
planning are characterised by mid- and short-term
actions. Setting the production program (e.g. volume of
products to be produced in a certain period), materials
management (e.g. determination of material requirement)
and actual operation scheduling (e.g. capacity and
sequence planning) is also part of technical material
efficiency strategies.

e In connection with the production planning the actual
physical production process offers further possibilities to
influence material efficiency on a technical basis—in
terms of production control (e.g. concrete job approval),
machine setting (e.g. technical adjustments) and the
operating of machines (e.g. optimised handling).

e The sphere of manufacturing also offers material
efficiency opportunities in terms of actions regarding the
workplace design [5], maintenance and cleaning, storage
and cleaning and packaging.

e In addition to the named sub-properties of the technical
material  efficiency dimension, superior technical
strategies that target quality management (e.g.
implementation of a company wide monitoring, controlling
and benchmarking system), wuse of information
technology (e.g. new software) and a material flow
management (e.g. in order to implement in-house and
closed-loop material flows) have been introduced as final
classification properties for technical MEMs.

Life-cycle stage (dimension 2)

The MEM can target different life-cycle stages: the phase of
the resource extraction, manufacturing, transport, etc. The
properties describing those phases have been taken from the

supply chain operations reference model [23] and comprise
the stages of plan, source, make, deliver and return.

The dimension of the planning level takes different time
horizons into account. Planning decisions can be normative,
strategic, tactical and operational [24] with decisions affecting
the above listed technical material efficiency strategies (e.g.
strategic decisions about product design, or tactical
determination of the production program).

Corporate division (dimension 3)

The dimension of the corporate division comprises the
properties management, corporate culture, human resources,
research and development, product design, marketing,
controlling, procurement, manufacturing, maintenance and
cleaning, storage and logistics and packaging. These could
be assigned to the life-cycle stages, too (e.g. research and
development to planning or manufacturing to making)—it is,
however, interesting to learn which corporate division is able
to influence the material efficiency performance of the
enterprise.

Mechanism (dimension 4)

The idea regarding a mechanism dimension has been taken
from a methodology of how to describe sustainable
manufacturing tactics [25]. It depicts how the material
efficiency effect takes place. The concrete properties were
chosen in analogy with the waste hierarchy defined by the
European Union [26] that differentiates between prevention,
reuse, recycling, recovery and disposal (as the latter one is
not relevant in terms of material efficiency improvements, it is
not included in the properties of this dimension).

Material (dimension 5)

A MEM reduces the use of materials. The material dimension
gives an overview of the saved material type. On the first-tier
level the dimension is simply characterised by input and by
output material. In accordance with a guideline of how to
calculate the material input per service unit [27], on a second-
tier level, the input material is further specified by abiotic and
biotic raw materials, energy sources and carriers, water, air,
components, models, auxiliary and operating materials.
Accordingly, the output material is further specified by main
and by-products, waste, emissions, waste water and exhaust
air.

Degree of change (dimension 6)

MEMSs lead to a change in the respective company. To which
degree that change takes place gives occasion to introduce a
further classification dimension. Commonly, it is distinguished
between small and high degree changes—in terms of e.g.
incremental and radical innovations [28] [29] [30]. In this
paper the focus lies more on business-related incremental
than society-related radical changes, therefore an approach
[31] is chosen that focuses more on incremental changes.
Modification, redesign, alternatives, and (with respect to
radical and system changes) creation are the properties of
the degree of change dimension.

Degree of novelty (dimension 7)

Complementary to the degree of change, a differentiation
regarding the degree of the MEM’s novelty is possible. As the
definition of novelty is not possible per se [32], a framework
for comparison is necessary: Is the measure just new to the
firm, but already implemented by other companies in the
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same market segment? Is it new to the market or new to the
world? The answers to these questions are the properties
chosen for the classification approach of this paper.

Directness of effect (dimension 8)

Whether the material reduction effect of a MEM occurs
immediately after the implementation or is delayed by a
certain amount of time or whether the effect occurs at the
place where the measure has been implemented or further
downstream is a further classification dimension. It is
differentiated between direct and indirect effects [33] [34].

Measurability (dimension 9)

Related with the question regarding the directness of effect is
the measurability of an effect. Effects can be measured on a
quantitative (e.g. saved material amount through changed
machine adjustments) or a qualitative basis (e.g. better
housekeeping through awareness raising measures).

Risk structure (dimension 10)

The introduction of MEMs can pose a path dependence risk
to the company in terms of the ecological, economic and
technical reversibility [35]. These features could be taken as
properties for the dimension of risk structure. However, a
MEM could be all three—difficult to be reversed in ecological,

economic and technical terms. Therefore, a differentiation
between a low, middle and high risk, based on the different
reversibility aspects are chosen as properties in order to
describe the risk structure of a MEM.

Technical education (dimension 11)

The technical education that is needed in order to introduce
and to implement the MEM is a further classification
dimension of MEMs. The chosen properties for that
dimension differentiate between maintenance personnel,
engineering personnel and technology expert [9].

Implementation time (dimension 12)

The time that a measure needs to be implemented is a
further dimension of MEM classification. The implementation
time is short when it is below six months; it is medium when it
takes between six months and one year. In case it takes
longer than one year, the implementation time is long.

Measure duration (dimension 13)

The duration of the MEM constitutes another classification
dimension. In case it has a five year life expectancy it is a
short-term measure. With a lifetime between 5 and 20 years
it is @ medium-term and more than 20 years it is a long-term
measure [9].

Table 1: Classification of material efficiency measures (first-, second- and third-tier level)

Dimensions Properties
1 General nature | business model technical material | organisation personnel
efficiency development
11 Business value proposition | target customer distribution relationship value
model channel configuration
core competency | partner network cost structure revenue model
1.2 Technical infrastructure product design manufacturing production planning production
material method process
efficiency sphere of other technical
manufacturing strategy
1.2.1 | Infrastructure technology machine tool building and
equipment
1.2.2 | Product design | function durability size construction material choice
auxiliary manufacturing package use reuse
materials
waste treatment
1.2.3 | Manufacturing material flow cross linking of degree of physical technical
method structure manufacturing repetition arrangement of determinants
steps manufacturing steps
1.2.4 | Production production materials process
planning program management organisation
1.2.5 | Production production machine setting operating of
process control machines
1.2.6 | Manufacturing workplace design | maintenance and | storage and packaging
sphere cleaning logistics
1.2.7 | Other quality IT assistance material flow
technical management management
strategy
1.3 Personnel awareness position creation
development raising and good
housekeeping
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2 Life-cycle stage | plan source make deliver return
2.1 Planning level normative strategic tactical operational
3 Corporate management corporate culture | human research and product design
division resources development
marketing controlling procurement manufacturing maintenance
and cleaning
storage and packaging
logistics
Mechanism prevention reuse recycling recovery
Material input material output material
51 Input material abiotic biotic energy sources | water air
raw materials raw materials / carriers
components modules auxiliary operating materials
materials
5.2 Output material | main products by-products waste emissions waste water
Degree of modification redesign alternatives creation
change
7 Degree of new to the new to the new to the
novelty firm market world
8 Directness of direct indirect
effect
9 Measurability quantitative qualitative
10 Risk structure high risk middle risk low risk
11 Technical maintenance engineering technology
education personnel personnel expert
12 Implementation | short medium long
time (<6 months) (6-12 months) (>1 year)
13 Measure short-term medium-term long-term
duration (<5 years) (5-20 years) (>20 years)

4 CONCLUDING REMARKS

Based on literature research, this paper has developed an
approach of how to classify MEMs in companies of the
manufacturing industry. The approach consists of thirteen
dimensions that are specified by a number of properties
(and where appropriate also on a second- and third-tier
level), of which only one property per dimension is valid for a
certain MEM. The collection of all valid properties regarding
the thirteen dimensions forms the respective MEM type.

The approach does not claim to represent the entire reality,
it is even highly likely that the dimensions and properties can
be amended or refined. Changes in some other form could
also be possible because defining distinct properties for
dimensions that look from different perspectives on a similar
issue cannot always happen without any overlap (e.g.
packaging is a property of the dimensions product design,
manufacturing sphere and corporate division).

Despite possible weaknesses, the developed classification
approach could serve as the basis for a detailed analysis of
case studies as conducted by the demea. MEM types shall
be compared with each other in order to find patterns that
allow deductions regarding MEM type-related material
saving potentials (in physical and monetary terms),
investment costs and payback times.

To give an example, measures in the demea cases
comprise amongst others changes concerning the reduction
of set-up times, changed temperature in the production
process, use of filters, alternative coating method, re-use of
dissolvent, improved definition of employee responsibilities,
machinery cleaning, product size, use of IT in order to
support production simulation and quality control of
purchased commodities [36]. According to this paper’s
classification approach, they all target the technical material
efficiency property within the general nature dimension. On a
second- and third-tier level the MEMs are further specified
by sub-properties such as process organisation (production
planning), machine setting (production process), tool
(infrastructure), technical determinants and material flow
structure (manufacturing method), operating of machines
(production  process), maintenance and cleaning
(manufacturing sphere), size (product design), IT assistance
and quality management (other technical strategy).
Identifying the properties of the remaining twelve dimensions
and building the MEM types would be the next steps on the
way to the classification of the given MEMs.

In order to accelerate the dissemination and deployment of
MEMs in companies of the manufacturing industry, the
classification of MEMs needs to take place on a larger scale
combined with the deduction of MEM patterns and
determination of the economic leverages and payback
times.
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Abstract

Inaccessibility to drinking water is an intractable growing problem in developing countries such as Nigeria. This
paper, presents the energy and manpower input resources needed to increase water accessibility and
guarantee sustainable profitable operations. The work relied on detailed questionnaire administration for data
collection from water packaging factories within Nsukka and Enugu Cities. The data were collated and Project
Evaluation Review Technique (PERT) was used to determine the amount of energy needed. A profit profile
was determined for both sachet and bottle water products. The gross energy sequestered by the packaging
process is 87.8J for sachet water and 0.52 MJ for bottle water with average of 10 workforces. Also, optimal
production rates of 1658 and 1551 were determined for sachet and bottle water, respectively at a profit of N
291,428.29 per day. The results have significant implications for Nigeria’s millennium development goals

target for water in 2015.
Keywords:

Energy, optimization, packaged water, process resources

1.0 INTRODUCTION

People need access to a clean water supply for varied uses.
Paradoxically, there is shortage of clean water as demand for
it continues to grow across the globe at an alarming rate. With
almost two — thirds of earth covered by water, it is difficult to
understand how a shortage of clean water supply could exist.
However, it does exist as only one percent of the water in the
world is consumable without treatment [1]. Presently, 1.1
billion people in developing countries have inadequate access
to water. The water crisis has also affected health matters of
human beings and the cost associated with health spending,
productivity losses and labour are greatest in poorest
countries with sub-sahara Africa loss about 5 % of its GDP
[2]. Since the aforementioned one percent cannot meet the
world demand, people have decided on a set of potential
interventions for increasing access to water supply.

Generally, two kinds of interventions exist, namely improved
water supply technologies (household connections, public
standpipe, borehole, and protected spring and rain water
collections) and unimproved water supply technologies
(unprotected well and spring, vendor provided water and
tanker truck provision of water) [3].

Inaccessibility to improved drinking water supply technologies
is more acute in rural areas than urban cities. The worsen
water shortages in developing world if allowed to continue,
the fall-out can reverse significantly progress towards
achieving the MDG targets in 2015. As a result, there is need
to optimize process factors that will encourage privately
owned water enterprises (POWE) to embark on profitable
packaging of borehole water through efficient input resource
management. Although, government-owned public water
utilities (GPWU) schemes used in the past could serve more
people than borehole, the former is more expensive to build,
maintain and its services are limited by bureaucracy and
difficult terrain. Conversely, energy, material and labour are
input process factors required for both schemes to function.
This work is motivated to investigate the energy and
manpower required in borehole method of making water
readily available, starting from sumo pump to the packaging

point, since it is beneficial to remote off-grid scattered
settlement pattern in Nigeria.

Packaging of water is a means of providing the correct
environmental condition for water during the length of time it
is discharged from borehole, stored or distributed to the
consumer. The packaged drinking water comes in many
shapes and sizes such as bottle and sachet applications.
There are three most common plastic materials used in
packaging of water namely, polycarbonate, high density
polyethylene and polyethylene terephthalate. For bottle or
sachet usage, each material has its own quality issues.

The polycarbonate bottle has blemishes on its wall because
of variations in production processes. It also requires a careful
sanitizing procedure at the bottling plant in order to be fit for
reuse; while for a high density polyethylene bottle, the spout
may not always fit the cap, causing leakage in storage. The
polyethylene terephthalate bottle requires its storage away
from heat; an empty bottle could be deformed when stored at
a temperature near 71°C, the filled bottle could consign a fruit
taste to its water content if kept in an elevated temperature.

Besides the characteristic nature of the container, there are
aesthetic conditions to be met [4], as well as sanitary
inspection requirements [5] for example, washing solution
application at 49 °C to 60 °C for five minutes, taste problems
[6], and cap fitting issues encountered during packaging.
Therefore, the bottle condition before the filling and after
packaging of finished product is a critical success factor. To
optimize the bottle appearance, polycarbonate PC redesign
and regrind should be kept dry and processed within 20
minutes after drying and then keep all plastic regrind stocks
free from contaminants [7].

There are previous studies on packaged water business and
its importance to the human health. A recent work [3]
described the concept of packaged water. It refers to water
that is packaged generally for consumption in a range of
vessels including cans, laminated boxes, glass, plastic
sachets and pouches, and as ice prepared for consumption.
The short-comings in quality of packaged water have been
reported [8] and [9]. Igboekwe et el [10], identified quality
parameters of concern in the use of borehole technology. The
feasibility of this type of water supply system has been treated
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[11], using willingness to pay method in estimating the benefits
and costs. There is no doubt, from these reports that packaged
water as a local initiative has led to improved accessibility to
drinking water, but we are not out of the woods yet. Although the
case for quality, aesthetics, inspection and feasibility have been
clearly articulated elsewhere, the resource management and
process optimization of packaged water operations are largely
absent from the literature.

Better management of resources is a key in sustainable borehole
water production if the MDG targets for water are to be achieved
in 2015. For this purpose, this study investigated the processes
that are involved in water packaging, starting with its extraction
from the borehole to the sealing machine, determining of energy
and manpower that are needed for packaging of water.

The specific objectives of the study include: to determine the
gross energy requirement sequestered by the process, determine
the man-power needed and finally optimize the process for most
efficient packaged water management.

It explored possible ways of minimizing the cost of production and
maximizing the profit through rational management of basic input
resources involved, thus helping to provide solutions to the
challenges that are facing them. All these course of actions will
contribute to long term sustainability of energy and related
resource input utilization. This evaluation is limited to energy and
manpower resources required for packaged water factories within
Nsukka and Enugu cities in Nigeria.

2.0 BACKGROUND INFORMATION

An investigation [12] showed that packaging of treated water
started years back in Nigeria when people were using leaves,
treated skin, vegetable fibers, coconut palm, earthen wares and
later, nylon pouches as materials for packaging of water and it
was manually operated[3]. In the old traditional Ibo setting, pre-
heated banana and plantain leaves were the most common and
widespread leaves used for wrapping food items. They were
excellent materials for packaging products that are quickly
consumed, as they are cheap and readily available. With the
advent of improved water supply technologies and because of the
importance of water packaging to the human population at large,
packaging drew the attentions of the scholars, engineers and
scientist which led to designing, producing and prescribing the
most effective ways of treating and packaging water. In 1991 the
facility for processing / packaging water was brought to Nigeria
[7]. The facility has some challenges facing it in water packaging,
among which was the need to determine the amount of energy
needed and manpower requirements suitable for operating the
factory as well as optimal utilization of available resources. The
borehole technology is well suited to scattered rural settlement
that is prevalent in Nigeria.

In addition to management of resources, the choice of Nsukka
and Enugu cities is important, because they are hosting six
campuses of tertiary institutions with estimated population of
100,000 students and increasing mobility of other persons.
Therefore, water scarcity portends wide range of human health
implications. Since energy is critical in discharging and packaging
of the water, we therefore try to know the type and amount of
energy that can be used in packaging of water and evaluate the
energy, and manpower needed. The relevance of the topic to
circumstance of our energy situation in Nigeria cannot be
overemphasized.

2.1 Challenges packaged water factories face in Nigeria

The major challenges facing the water packaging factory in
Nigeria includes: high cost of production, unreliable grid supply,
high level of ineptitude, distribution problem and multiple taxation
from the three-tiers of government. The issues of multiple taxation
and distribution problems are beyond the scope of this study. The
unreliable power supply is the cause of reliance on self-
generating sets for production. As a result of the foregoing, cost of
packaging operation is high.

High cost of production: The problem of high cost of production is
there because of inability to quantitatively predict energy and pool
of trained manpower required for a continuous operation. The
inability to determine required number of trained hands on the job
results in poor management of resources. Therefore the problem
can be solved, if the optimal amount of energy, number of
workforce and raw material are determined, accurately. As
reported elsewhere, this type of system, also, cannot be
sustainable if reliable energy and competent human capacity
inputs are inadequate [13]. This affirmation therefore has
necessitated the determination of the amount of energy needed to
ensure its sustainable utilization.

Distribution of the produced water is a problem due to bad roads.
For example a distance that will take a vehicle one hour, may last
for three hours because of bad roads and this results in
consumption of more fuels and damaging of vehicles used for
distribution. On multiple taxation concern, the water factories
should unionize, impliedly, the solidarity canvassed for here is
meant to guarantee protection to major variables that drive cost of
production- energy, labour and material if the entrepreneurship
must be successful. As a possible solution to the high cost of
production, this study decides to conduct a process evaluation
and optimization of the production line. From this study
prospective investor would have been better informed about the
success factors for packaged water business.

2.2 Determination of energy and manpower requirements

Energy and Manpower can be determined using energy analysis
which means determination of energy required in the process of
making a good or service within the framework of an agreed set of
conventions or applying the information so obtained. Once the
system is defined; the energy requirements of the system can be
determined.

3.0 MATERIALS AND METHODS

In this study, the production line was first broken down into basic
operational units for logical evaluation. A typical in-situ packaged
water factory consists of borehole, filtration, equipment housing/
piping, moulding and sealing / bottling machines units. A second
step was to determine a weighting factor or amount of time for
each operation. The next was determination of the energy and
manpower requirements per unit.
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Table 1: Process activity, equipment, time and energy
involved in an in-situ water packaging factory

Power | Amt.of Energy
Stages | (kW) time (s) | (J) Machines used
1,2 3.0 3,600 10,800 Sumo pump
1,3 1.5 1800 2,700 Sumo pump
24 0 3600 0 Reservoir Tank
3,5 0 180 0 Storage tank
Electric pumping
4,6 1.33 5,400 7,182 machine
Electric pumping
57 1.33 18,000 7,182 machine
7,8 0 18,000 0 Supply tank
Electric pumping
8,9 1.33 18,000 23,940 machine
9,10 0 18,000 0 Filtration plant
10,11 0.5 18000 9,000 Ultra-violent ray
sealing
1.5 27,000 machine
11,12 (23) 18000 (414000) | (bottling)

Total energy needed for one day =87,804J and 501,804J for
sachet and bottle, respectively.

Stages 1,2 and 1,3 involved water discharge from boreholes
into storage tanks in 2,4 and 3,5. The meanings of other
activities can be inferred from machines used in table 1.

3.1 Borehole

A borehole may be constructed for many different purposes,
including the extraction of water or other fluids (such as
petroleum) or gases (such as natural gas) as part of a
geotechnical investigation, environmental site assessment,
mineral exploration, temperature measurement or as a pilot
hole for installing piers or underground utilities. In this context,
boreholes are made for geothermal installations as well as
pumping water from underground well. Typically, a borehole
used as water well is completed by installing a vertical pipe
and well screen to keep the borehole from caving. This also
helps prevent surface contaminants from entering the
borehole and protects any installed pump from drawing in
sand and sediment.

Its power consumption, measured in terms of electrical rating
of sumo pump machine is 4.5kW. The borehole technology is
distinct for its low scale of production which suits scattered
rural settlement.

3.2 Method of energy analysis

Energy and manpower requirements were determined using
energy analysis technique. An energy analysis can be carried
out from both a technical perspective and an economic
perspective. An energy analysis from a technical prospective
is called process analysis. An energy analysis from an
economic perspective is called input-output energy analysis.
For this study, the focus is on process analysis.

Energy analysis is important because it can be used to
determine the energy invested in every step of the production
process [15]. A survey conducted has shown that there is
growing number of packaged water factories and their
anticipated market expansion would require rational practices

for profit and loss assessment of the production activity. In
this study, linear programming is the optimization
methodology proposed for decision making on profitability.

4.0 RESULTS, ANALYSIS AND PROCESS OPTIMIZATION

In this study, project evaluation and review techniques
(PERT) is used in process evaluation of energy and
manpower needed in packaging operations. PERT requires
three estimates of time for each activity. These times are
combined to produce what is known as an expected time for a
particular activity. With the estimated time and power
consumed at the different stages, the process energy
requirement is calculated as product of time and power
consumption. Two major products, namely bagged (sachet)
water and bottled water are produced from the process. Total
energy consumed for each product line is 0.088MJ and
0.502MJ per day, respectively for sachet and bottled water
production. The evaluated process activity outcome is
presented in table 1.

When the machine makes a bag of water, it creates the bag
from a continuous roll of polyethylene plastic material. For
manpower involvement, an average of 0.075kW per normal
human being is engaged [16]. By applying the human power
index, the manpower requirement cost (MRC) index can be
estimated as follows:

MRC, =0.075N,T,C, 17 (1)

Where N = number of persons involved, T = time taken by
persons for a given activity, C = cost/person

From the field survey, the manpower, energy and of quantity
of water produced per day by nine out of 25 surveyed
factories are shown in table 2. The nine factories use average
10 workforces and produce sachet and bottle water,
simultaneously.

Table 2: Quantity of water produced, manpower
(workforce) and energy used per day

Water produced in | Energy used by- | Manpower /
hectoliter per day, | the sector X; (KJ | workforce X, (man-
Y per day) day)

3.0 36.936 16

1.2 14.774 8

2.0 24.624 7

25 30.78 10

4.0 49.248 18

0.6 7.387 5

0.8 9.850 1

10 121.880 17

9 110.808 16

4.1 Decision analysis

A wide variety of criteria play a part in the viability of
packaged water operation. The operation, just like every other
business activity, is profit-oriented. It is important to assess all
of the cost factors in order to determine how the most cost —
effective plan could be obtained. Several methods were used
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and one of them was the cost analysis approach. We

determined five important cost items that needed to be analyzed. These cost

issues are:
. Power consumption
. Water production
. Material (packaging)
. Human resources
. Maintenance.

The first two cost issues analyzed cost of water production and energy use. The
energy costs for water packing machine were disclosed, based on an electricity
rate that was estimated by Power Holding Company of Nigeria (PHCN).

In addition to economic factors, quantitative information on fuel requirements,
capacity of machines, number of labour and material that play roles in water
packaging decision analysis were determined.

With the knowledge of these cost estimates, we can determine the profit profile of
a typical water packaging factory.

4.2 Process optimization of production line

Since sachet and bottle products will compete for materials, energy and human
resources, it is not clear which resource mix between the two products would be
most profitable. Thus, Optimization is necessary to develop low cost strategies
that will enable packaged water firms make decisions on how best to produce their
goods at an affordable price. For the aforementioned reason, this study has
determined a typical profit profile for both sachet and bottle water products as
shown in table 3 for one of the sampled factories.

Table 3: profit profile for package water factory of two product capacity

Product lines

Available
S/n Description of item Bag Carton Investment
X1) (X2) Naira (N)
1. Selling price / unit 60 400
2. Direct raw material cost 2.7 24.20 42000

Direct labour cost (in
3. 2 1 4867
terms of energy)

4. Electricity usage and cost 15 230 5684.8

5. Profit 40.30 144.80

To optimize the profit, the constraints on input resources such as direct raw
materials, labour and electricity are shown in table 3. These available investments
in Naira (N) values are limiting conditions for formulating linear programming

algorithm for a production line.

Assumptions: the costs and incomes are assumed linear with quantity of products
produced, thickness of material used is uniform and usage of each resource and
its quantity are directly proportional to the level of each activity. The assumptions

lead to formation of LP model with objective function, Z f (xi) in equation (2).

Where f (xi) = function of x1 and x2 variables, x1 = units of sachet product; x; =
units of bottled product; Z = objective function (maximization of profit).
Mathematically, Maximize:

Z =40.30X, +144.8X,

Subject to

2.7 Xl + 24.2)(2 <42000 ®3)
2X1 + X2 <4867
15X, +23X, <568.48

Where

()

XlZO,XZZO ®)

Using Gauss Jordan reduction technique, vectors (X1 and Xz) that satisfy the set of
constraint equations (3) to (5) can be determined. By solving these constraints
analytically, X1 = 1658 and X2 = 1551. The profit per day based on these vector
quantities is N-291,428.29.

Multiple Regression Analysis

In order to translate the produced packaged (sachet and bottled) water in table 2
into requirement for inputs of manpower and energy a multiple regression
technique is used. The quantity of water produced per day in table 2 was
regressed with manpower and energy as independent variables using Statistical
Package for Social Sciences, SPSS software version 16. The results of the
multiple regressions are shown in tables 4, 5 and 6. Based on the regression
analysis (coefficients in table 6), only energy significantly affects water production
and the estimated regression parameter gives rise to equation 7. The R-square
statistic has value of 1.0. This statistic is usually expressed in percentages and
this result indicates that a total variability in quantity of water produced is
completely accounted for by energy utilized.

Table 4: Summary of R-Square statistic

Adjusted R Std. Error of the

IModel R R Square Square Estimate

1 1.000* 1.000 1.000 27.67551

a. Predictors: (Constant), Manpower, Energy

Table 5: ANOVAP table for multiple regression
IModeI Sum of Squares | df | Mean Square F Sig.

Regression 9.695E7| 2 4.848E7 6.329E4 .0007

Residual 4595602 6 765.934

Total

9.696E7| 8

a. Predictors: (Constant), Manpower,

Energy

b. Dependent Variable: Water

Table 6: Test of significance of regression coefficients

Standardize
Unstandardized d
Coefficients Coefficients

IModel B Std. Error Beta t Sig.

(Constant) -2.508 21.527 =117 911

Energy 81.870 295 1001| 277.788] 000

Manpower

-4.682 7.443 -.002 -.629 .552

a. Dependent Variable: Water

A

Y =81.87X, (7)

Where Y = quantity of water produced.

4.3 Discussion
43.1 Bagged water
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In the bagged water system, the machine used is Argenpack
2500 and it produces 2500 sachets of 60 cl size per hour or
125 bags per hour. The Argenpack 2500 machine requires
1.5kW of power to operate and average production rate 42 kg
of PET per day. Using this value, the machine produces
average of 50 litres’/kWh or 83.33 bags/kWh with plastic
material consumption of N2.7/g and labour rate of N1.5/man-
hour. From the utility tariff (Power holding company) we
found that cost of 1kWh of electricity is N10 for industrial
consumption.

4.3.2 Bottled water

For the bottling system, blown bottles can be made in-situ
from performs or they can be purchased from plastic bottle
vendors. In order to make bottle, the mode of operation a
polyethylene terephthalate (PET) blow mold machine has
been described in section 3.4.

The KBA 2500 consumes 23kW of power per hour. The cost
of the whole system including air compressors and air
purification and other accessories at local rate is N69,
565.3/kWh.

In order to make a 500ml bottle, material for perform is
needed at the cost of N 24.2 per perform. Filling, labeling,
capping and packaging the bottles are each other issues
entirely. To fill the bottles, an additionally piece of equipment
called VP-50 from Venus packaging [18] is required. This
machine fills approximately 2500 bottles per hour. The overall
calculated cost of perform blowing into plastic bottle, water
supply, filling, labeling and capping is N 7. 73/ 500ml bottle.

The ANOVA test for the regression model indicates that the
model is adequate to describe the relationship between water
produced and energy and manpower utilized in an automated
production line. In an automated process, machine
displacement of labour is prevalent. This feature is
significantly vindicated in the result of individual test of
coefficients. The test for manpower’s coefficient in table 6
revealed that manpower does not significantly affect water
production. Therefore, there is direct relationship between
water produced and energy utilized in the production such
that little change in energy requirements have great influence
on water production as shown in figure 1.
Dependent Variable: Water

6000.00-

4000.00—

2000.00]

0.00+

Water Produced

-2000.00]

-4000.00—]

T T T T T T
-40.0000 -20.0000 0.0000 20.0000 40.0000 £0.00C

Energy Consumed

Figure 1: Effect of changes in energy consumed on water
produced.

Also, it can be inferred from the foregoing discussion on the
optimized production rates the facts that water packaging has
a business implications and significance for Nigeria in
meeting MDG targets for in 2015. As a business venture, it

can add 3600 new jobs in 36 States of our country, thus,
cutting down unemployment rate. In the MDG target, it
increases access to portable water and also helps to avoid
water borne-diseases.

5.0 CONCLUSION

This study presents a process evaluation as well as
optimization of resources for a representative in-situ water
packaging factory. It also, discuses the challenges faced by
packaged water factories and the possibility of running them
profitably. For profitability, the study determined a typical
profit profile for a firm that produces both sachet and bottle
water products. The study also shows the importance of using
PERT when evaluating a production line.

Based on results of the study, the gross energy requirement
sequestered by the process is 87.8J for sachet water and
0.52 MJ for bottle water packaging with average of 10
workforces. Also, the optimal production rates of 1658 and
1551 were determined for sachet and bottle water,
respectively at a profit of N 291,428.29 per day. The analysis
of variance (ANOVA) test for the regression model indicates
that the model is adequate to describe the relationship
between water produced and energy and manpower utilized
in an automated production line. Thus, we can advice
someone to do the business as well as determine the amount
of profit the business can generate per day. In conclusion, the
study presents water packaging as a profitable business
opportunity after evaluation of the required resources for its
operation.
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Abstract

Sustainable manufacturing and conservation of resources are more than just energy management. A broader
perspective is necessary as stewardship of resources goes to further extents. Water management is expected
to take a more pronounced role amongst the metrics for sustainability. This is backed by the reality that
freshwater resources are facing extensive stresses which are leading to events of potential scarcity.
Opportunities for water management exist in all areas of its demand, especially in the manufacturing sector
being a key economic activity, dependent on natural resources. In a local scenario, the effects of water
scarcity are on the rise. This paper discusses the relevance of water management for achieving sustainable
manufacturing. An evaluation of the water footprint assessment tool is included, as applied in case studies in
the manufacturing sector. The assessment method is evaluated against criteria relevant for assessing water

sustainability in the local context.

Keywords:

Corporate Water Use; Sustainable Manufacturing; Water Footprint; Water Management; Water Scarcity.

1 INTRODUCTION

Water is central in every sector related to the society and the
economy. Human activities are underpinned by the use of
water, thus the importance of its availability. However,
freshwater scarcity is a considerable issue which is attracting
increasing attention from various bodies and sectors.
Freshwater scarcity is factored by the inability of the supply to
meet the ever-increasing demand. It is driven by a number of
changes; such as the increasing population which brings
about an increase in food, energy and water requirements.
Climate change is an important factor which is expected to
considerably affect countries which are already facing scarcity
issues [1].

Given the dependence on water, enterprises are expected to
be aware of the risks associated with water resources.
Manufacturing is a key economic activity which is a major
driver of economic growth. The manufacturing sector is
traditionally associated with the intensive impacts on the
environment. In this modern day and age, the sector should
be thriving for sustainability. As part of the efforts towards
achieving sustainable manufacturing, enterprises should not
only minimise waste and become more energy efficient, but
also exhibit water stewardship practices.

Water resources in Malta are facing considerable pressure,
and scarcity is an unfortunate reality [2, 3]. Therefore,
sustainable manufacturing in the local scenario should begin
with enterprises becoming more sustainable in their own
manufacturing facilities. Corporate attention to water
management would therefore contribute to a lesser
environmental impact. This paper addresses issues with
water management in the local manufacturing scenario.

2 WATER AND MALTA
2.1 Water Scarcity

Locations with high population densities and which have low
freshwater availability, are most susceptible to experience
scarcity [1]. This description corresponds to the demographic

description of Malta. Malta is an archipelago of islands in the
Central Mediterranean Sea with a total area of 316 km?2. With
a population of around 416,000, the islands are amongst the
most densely populated countries in the world [4].

In coping with the demand, the country has been over
abstracting from the natural groundwater reservoirs without
allowing time for natural replenishment. The exploitation index
indicates that 48% more than the groundwater sustainable
yield is being extracted annually. This puts the island as one
of the world’s top ten water-scarcest countries [5]. The local
scarcity issue also concerns a facet of quality, given that
saltwater intrusion is degrading groundwater to a brackish
quality. Nitrates also affect the quality of groundwater, which
arise from the percolation of agricultural fertilisers. Climate
change is a contributing factor which is expected to affect
annual rainfall rates in a negative manner, thus reducing the
availability of renewable freshwater [2, 3]. These factors are
part of a broader picture of risks represented in Figure 1.

Current risks and

vulnerabilities Potential effects

of climate change

Resulting effects

- High levels of

i xd L ki
chlorides pPly g p
S Over abstiction - Decrease in the - Change in _an_'mu_al
| amount of water mean precipitation
\ available for groundwater
|- Densely populated | rechiarge

- A higher incidence

- Dependence on of drought periods

desalination

- Increase in sea

- Urbanisation :
level rise

Figure 1: Overview of Risks and Vulnerabilities related to
Groundwater [3].
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2.2 Water Supply

Groundwater is the unique natural freshwater source in Malta,
given that virtually no surface waters exist. The over
abstraction of this natural source, makes the local water
operator opt for desalinated seawater through reverse
osmosis (RO) which is an energy intensive alternative
consuming around 4% of the national electricity generated [5].

The local town water supply is a blend of approximately 44%
groundwater and 56% desalinated seawater. Dependence on
desalinated water is exhibiting an increasing trend. The main
contributor to over abstraction of groundwater is that a
considerable portion of national water consumption is
unmetered, mainly through boreholes and non-revenue water.
This is excluded from the 44% figure, a ratio which the local
operator maintains in order to abstract only what is
sustainably available.

Another unsustainable scenario which contributes to water
losses, is the leakage in the urban water supply infrastructure.
This pertinent issue is being addressed, with improvements
being annually recorded [2, 6]. The present leakage factor
accounts approximately to 14.8% of the total water supply [7].

Manufacturing facilities are connected to the town water
distribution network. Town water typically requires a quality
upgrade in order to meet process specifications, therefore
demanding higher energy expenditure. Some enterprises opt
for abstracted groundwater. This could either be pumped from
a borehole within the vicinities of the factory or transported by
bowser trucks from boreholes around the country.

3 WATER IN MANUFACTURING
3.1 Water Uses

This paper is concerned of promoting sustainable

manufacturing in production facilities via water management.

Therefore, a careful understanding of the uses of water in

manufacturing operations is required. The direct water use in

manufacturing systems could be classified in the following

categories [8]:

. Process Water: Water used in the execution of
manufacturing processes (such as in cleaning
operations, transportation of material) or when it is
incorporated as part of the product itself, serving as a
raw material.

. Cooling/Heating Water: Water used to control the
temperature of operations and equipment in the
manufacturing facility. This portion of water use is
required mainly by chilled water systems and/or cooling
towers, which are used for machinery cooling and in
boilers which are used for steam and heat generation.

e Domestic Water: Water used for the general sanitation
and housekeeping of the manufacturing equipment and
facilities. This includes service water which is the water
used by employees for drinking and hygiene purposes.
Water for irrigation may also be considered under this
category.

e RO Reject: A by-product of the RO system which is
more concentrated than the feed and can exhibit further
uses (e.g. for domestic purposes).

Water operations in industrial facilities comprise a withdrawal

from the supply, followed by a subsequent discharge into the
sewer with a generally degraded quality. In Malta, all the

discharge from industrial facilities should meet regulatory
demands, and therefore enterprises treat their wastewater in-
house before it is discharged into the sewer at a neutral
quality level. This can be referred as consumption given that
when water is treated in the municipal wastewater treatment
plants, the treated sewage effluent is presently discharged
into the sea, with negligible positive environmental effects.
Plans for using this reclaimed water for second class uses are
in the pipeline [6].

Indirect water use is also considered through the embedded
water in the inputs and mechanisms of the manufacturing
system, such as in raw materials, equipment and tooling [9].
Energy input incorporates an indirect water use due to water
intensity in electricity generation. The water intensity in the
generation of electricity is due to the generation of steam and
cooling requirements. Therefore, this intensity is dependent
on factors such as the plant technology (thermoelectric,
hydropower etc.), energy carrier mix (fuel oils, gas etc.) and
cooling technologies (once-through or recirculating) [9-11].

3.2 Corporate Water Stewardship

Enterprises are committing themselves to a more sustainable
approach in their operations and corporate profiles. They are
appreciating more the value addition which sustainable
attitudes are contributing to their market performances [12,
13]. The idea that sustainability and profitability are two
opposing factors in corporate performance, is nowadays
considered an out-dated viewpoint [13]. As Figure 2
suggests, enterprises are still considering water sustainability
as one of the lower priorities in their corporate agendas,
where stewardship priorities lie with energy efficiency and
minimisation of waste [12].

4 % g
= & k

TURNOVER ENERGY WASTE CO. WATER
Figure 2: Key priorities for businesses [13].

The predicted increase in priority is mainly due to the potential
risks associated with water scarcity [10, 12]. Water scarcity is
highly localised therefore risks are also location dependant.
These risks are termed as:

e physical risks;

. regulatory risks;

. reputational risks.

The above mentioned risks may all translate into financial
limitations. Therefore, it results imperative that enterprises
use their water resources in a more sustainable manner [14].
Corporate reporting is one initiative, where accounting of
water use is important. Manufacturing enterprises are to
implement water management practices, which may indicate
improvement areas for sustainable water use, mitigation of
environmental impact and disassociation from the water-
related risks.

3.3 Water Management Methodologies

Resource management is based on prior resource
measurement. A number of drivers lead enterprises to reduce
their water consumption [12]. A breadth of tools exist which
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support the identification of improvement areas and promote
water efficiency.

An interesting tool is the Water Management Hierarchy [15],
which prioritises the solutions for decreasing water
consumption. This hierarchy assists management in
prioritising solutions.

Two systematic techniques are used to analyse water flows
inside the manufacturing system and identify opportunities
which promote efficient water use. This is achieved via
process integration. Water Pinch Analysis and Water
Cascade Analysis are composed of graphical and numerical
techniques respectively, which implement reduction in water
use in identified improvement areas. The techniques lead to
implementation of reuse and recycling by analysing water
flows and quality [16, 17].

Lifecycle Assessment (LCA) is a standardised tool under the
environmental management family of standards, ISO 14040-
14044. This tool is typically used to assess the environmental
impacts of a product or service across its lifecycle and is
composed of four phases: goal and scope definition, inventory
analysis, impact assessment and interpretation. It has
typically relied on accounting for energy and greenhouse gas
emissions and rarely tackled freshwater consumption.
However, this is now an active area of research [14, 18].
Arguments which outline the ineffectiveness of LCA in
accounting for freshwater consumption and its impacts are
also suggested in research [9].

As Jefferies et al. point out, another tool which is analogous to
the LCA is the Water Footprint Assessment (WFA) [19]. The
authors indicate both similarities and differences when
addressing freshwater consumption using both tools. The
WFA was developed by Prof. Arjen Hoekstra and it accounts
for both direct and indirect (virtual) water uses, serving as an
indicator of freshwater appropriation for human activities. The
phases of the WFA are represented in Figure 3 [20].

Water
Footprint
Accounting

Definition of
Goals and
Scopes

Sustainability

Response

Assessment | Formulation

Figure 3: Water Footprint Assessment Phases.

WFA studies exist on the product level, where a supply chain
approach is adopted to quantify water consumption along
each production stage [19]. Ogaldez et al. point out that
water consumption databases for manufacturing processes
do not exist, compared to existent databases for crops [11].
The WFA Manual [20] then suggests that it is best to rely on
data from the manufacturers when assessing manufacturing
operations.

The WFA can be implemented on a number of levels, such as
a manufacturing process, a product or a business [20].

4 BUSINESS WATER FOOTPRINT FOR A
MANUFACTURING SYSTEM

Given the broad applicability of the WFA as an indicator for
sustainability, this could be implemented on a basis of a
manufacturing system. By definition, the water footprint of a
business is the sum of the water footprint of the final products
produced by the business. A business is an aggregation of
different business units. A manufacturing facility fits the
definition of a business unit [20]. The business water footprint

Water management in sustainable manufacturing

enables an enterprise to calculate and report the freshwater
consumption per year and/or per product [12]. The calculation
is made according to equation (1).

WFBusiness = WFOperationaI + WFSuppIy-chain (1)

Schornagel et al. argue that the WFA is not suitable for
industrial operations given that it does not balance flows
inside the system [10]. This will be mediated by adopting
elements from a water balance approach, and schematising
water flow diagrams, in order to implement the WFA
effectively as a tool for water management in a manufacturing
facility [21].

4.1 Operational Water Footprint

The operational water footprint, WF operational @Ccounts for water
consumption which occurs within the boundaries of the
manufacturing facility. It is an aggregation of production and
overhead operational water footprints. The former denotes the
water footprint with a direct association to the production of
end products and is the sum of process and cooling/heating
water uses as described in section 3.1. The overhead is then
equal to the domestic water use with all the activities as
described above.

4.2  Supply Chain Water Footprint

The supply chain water footprint, WFsyppiy chain, COMprises the
virtual water and is composed of two components. The
production component denotes the embedded water inside
the raw materials, equipment and tools, which are required for
production. The overhead component includes embedded
water in electricity, transportation and so on.

The characteristic components of the WFA are to be included
when assessing water use in a manufacturing system. This
decomposition will help assess the sustainability of the
operational water footprint by distinguishing between
renewable and non-renewable sources. The components are:

. Blue Water represents water sourced from the natural
reservoirs. This comes from groundwater aquifers and
constitutes around 44% of local town water supply.
Borehole water and water purchased for drinking
dispensers (e.g. 5 gallon bottles) contribute to this blue
component.

. Green Water represents water sourced from a
renewable source. This is considered when harvested
rainwater is used in the production facilities.

e Grey Water represents polluted water-discharge such
as wastewater from laundry, wash hand basins, water
from machinery cleaning, etc.

The above factors are dependent on the availability and
reliability of water-use data from the manufacturing site. When
assessing for sustainability, the local context is to be a main
criterion, given that the water footprint is geographically
explicit [20]. The blue water footprint is highly unsustainable
in the local scenario because of the pertinent over-abstraction
problem. In mitigating this, alternative water sources should
be considered. As such, the green water footprint will promote
a more sustainable business water footprint when
aggregating components. The focus of this work is on
minimising consumption, and is minutely concerned of
pollution, given that this is tackled by a legislative framework.
Therefore, the attention will not focus on grey water.
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5 CASE STUDIES

A number of manufacturing enterprises in Malta were
approached to assess their water use and promote
sustainable water management through WFA. The goals and
scope of the study were defined. This meant that the business
water footprint components to be included were those which
had the water data readily available. In fact, supply-chain
water footprint had to be omitted given that local
manufacturers had no relevant data.

Water flow diagrams where schematised in order to better
understand the flows in the manufacturing systems. Figure 4
represents the legend adopted for the schematic diagrams;
the arrows on the left represent the water sources, whilst
arrows to the right indicate what happens with the effluent
from one process to another.

Bowser Water
Mains Wate ’ Effluent
—_— - Discharge
P Manufacturing e
ain Wate
3 System
Recycled Wat
—— Effluent

Use/Reuse

Figure 4: Water Flows in Manufacturing Systems.

5.1 Description

Two local small and medium-sized enterprises (SMEs) and
one large company served as case studies. The case study
companies are listed as following:

Case Study A: Seifert MTM Systems are manufacturers of
industrial thermal management systems such as heat
exchangers, air conditioning equipment and so on. The
company employs 190 employees. Process water is used in
surface treatments and cleaning. The rest is used for
domestic purposes. They make use of an industrial chiller
rather than cooling towers. Sources of water include borehole
water and town water.

Case Study B: Pharmaceutical Company is a manufacturer
of active pharmaceutical ingredients employing 35 people. Its
name is kept undisclosed as requested. Process water is
used in minimal quantities as a product ingredient but mainly
for the cleaning-in-place of equipment between the production
of different material batches. They exhibit a cooling/heating
water footprint due to the use of a cooling tower and a boiler
use. Apart from domestic water, a pronounced proportion of
their operational water footprint is in rejected water from in-
house reverse-osmosis plants and in backwash of sand
filters. Water is sourced entirely from town water.

Case Study C: STMicroelectronics-Malta employs 1570
people and is one of the leading semiconductor
manufacturers. It is also the largest manufacturing enterprise
in Malta. Process water is the largest proportion of the
operational water footprint and is used in wafer sawing and
package cutting. Cooling towers provide cooling water and
the domestic water footprint is quite pronounced given the
large facilities, a 24-hour/7-day week operation, and the
number of employees. This company recycles most of its
process water, exhibiting excellent sustainability in terms of
mitigation of environmental and social repercussions, with a

positive financial gain. Sources of water include town water,
rain water and recovered condensate from HVAC equipment.

5.2 Water Footprint Results

Data was made available by the companies through flow
meter readings which are read periodically. Monitoring of
consumption differs significantly between the case studies
and thus the gaps in data availability and significance differed
accordingly. Meter readings were aggregated in order to
outline proportions between areas of water use, as this would
potentially help identify areas of improvement. This is
represented in Figure 5, with absolute values in m%annum
and the respective percentage values. The figure also shows
the water sources making the water footprint components, in
order to aid sustainability assessment by distinguishing
groundwater use from alternative water sources. The water
footprint accounts help identify unsustainable footprints, such
as the blue water component in all case studies and the RO
reject water footprint in case study B.

This insight provides a basis for manufacturing systems to
formulate responses, and implement water management
practices which reduce the operational water footprint.

6 RESULTS ANALYSES
Results from case study A show that the domestic water use
is more pronounced, meaning that water conservation efforts
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Figure 5: Results: a) Water Uses and b) Water Sources.
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in this area would result in high savings. Process water is
already minimised through water cascading. Given that this
company makes use of chillers instead of cooling towers, a
minimal amount of water is consumed for cooling purposes.
More than a fourth of the operational water footprint of case
study B is discharged RO brine. This could have other
potential uses, such as in toilet flushing systems. This
practice is wasteful and unsustainable. On the other hand,
RO Reject is fully exploited by case studies A and C. The
domestic water use in case study B is on the lower end given
the low number of employees. Case study C requires most of
its water for process use, however most of this is recycled,
considerably reducing the operational water footprint. This
case study taps into alternative sources of water.

Use of blue water and desalinated seawater is highly
unsustainable given the direct pressure on water and energy
resources respectively. In the case of a water scarce country,
the use of natural water sources should be a last resort. This
shows that case studies A and B have an unsustainable
operational water footprint. Their footprint components show
potential for the introduction of alternative sources such as
rainwater harvesting and grey water recycling. This would
offset the blue water footprint with a sustainable green one.

7 DISCUSSION

The case study results, indicated in Figure 5, provide a better
basis on which improvements may be identified. The former
provides meaningful information to manufacturing enterprises
which want to reduce their operational water footprint in
achieving sustainable manufacturing in their own facilities.
The WFA provides the guidelines to assess for sustainability,
such as for local water scarcity where attention is put in
minimising the blue water footprint. Sustainability may be
assessed on different levels, other than manufacturing
facilities. The level of detail is also dependent on the impacts
associated to the local environment. Following a sustainability
assessment, together with the water footprint results, the
improvement areas may be identified and solutions prioritised.
Identification of water efficiency initiatives is required prior to
their implementation. Following the results, a number of
opportunities and barriers to water management could be
identified.

7.1 Opportunities

With respect to the water management hierarchy [15], the
identified opportunities were to start from replacing the use of
freshwater with alternative water sources. This is proposed
as a contribution to the mitigation of water scarcity, by
reducing the blue water footprint. Rainwater harvesting is only
performed by case study C, whereas this exhibits potential in
the other companies, especially in case study A where the
rainwater potential, found according to the local mean rainfall,
would theoretically offset the current operational water
footprint by more than 100%. Annual rainfall in Malta is at
around 500-600 mm/a in 6-7 rainy months [2, 4] and therefore
the potential for collection exists and remains to be locally
exploited [6]. The quality of rainwater is suitable for second
class quality water uses, such as cleaning and irrigation.
Underground cisterns for rainwater harvesting also exhibit the
potential for cooling by serving as a heat sink. Another
alternative source is the recovery of condensate from HVAC
equipment, which may also be exploited for reducing the blue

Water management in sustainable manufacturing

water footprint. Case study B shows an exceptional water
footprint of in-house RO-reject which is currently discharged
to the sewer. Case studies A and C are examples of best
practice in this case, where their reject streams are used for
toilet flushing purposes.

Technology plays its role in reducing water consumption such
as when considering cooling technologies. The existent
methods show a distinction in terms of water consumption
(e.g. once-through cooling against recirculating cooling). The
water-energy link is evident in these considerations. Case
studies B and C use cooling towers. Climatic considerations
should also be apprehended. The local climate is typically hot
and humid. Local manufacturing enterprises typically use
cooling towers for normal operation and chillers as a backup
in the hotter months. An estimate showed that, with the
current utility prices, the energy cost associated with chillers
would totally outweigh the water cost associated with cooling
towers. This makes companies opt for the latter even though
the former are negligibly water intensive and could be more
suitable for the local climate.

Even though the 3R’s (reduce, reuse and recycle) have
become more of a ‘cliché’, their implementation on a level of
manufacturing facilities can yield a contribution to the
minimisation of the operational water footprint. The domestic
water footprint can be effectively reduced by implementing
domestic retrofits such as faucet aerators to wash hand
basins and water saving bags to flushing cisterns. These
efforts may be enhanced by considering reuse and recycling
of water streams. Case study C is an example of good
practice in terms of recycling. However it is important to point
out that daily volumes of water use may not always justify the
implementation of recycling. Therefore, an enterprise-specific
feasibility assessment is required.

Any successful water management plan is dependent on
management commitment. This can be a driver to water
management and more sustainable  manufacturing
simultaneously. The environmental management systems
(e.g. 1S0O14000:1), should be used to meet not only
environmental impacts in terms of discharge but also in terms
of resource utilisation. The inclusion of water management as
a company strategy would be a positive contribution [12].
This strategy may be extending from the operation of a
manufacturing facility to corporate levels, where stakeholder
involvement may promote demand for sustainable
performance. Furthermore, this management drive can also
lead to local industrial symbioses where companies in
common industrial estates could collaborate in sharing their
water resources.

7.2 Barriers

The ‘business-as-usual’ approach resists change and keeps
enterprises away from the adoption of sustainable measures.
This attitude can also lead to an under-appreciation of risks
as outlined in section 3. Proactive management, in
conjunction to a paradigm shift would avoid such hurdle.

The monitoring of water consumption data exposed a number
of issues from the case study results. Metering and sub-
metering activity was found to be seldom rigorous. The
practice of metering discharge flows is practically inexistent.
These data gaps result in a difficulty to balance water flows
and detect water losses such as in leaks.
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Financial justification of water conservation projects can be
considered the largest hurdle. This is mainly due to the
current water tariff which does not include a resource and
environmental cost. Therefore, local water pricing does not
reflect the water scarcity scenario. This creates unattractive
payback periods which do no not justify water conservation
measures. This is especially true in cases of SMEs.

8 SUMMARY

This paper looked into the implementation of water
management for promoting sustainable manufacturing in
industrial facilities. The local situation of water resources was
initially reviewed followed by a review of the relevance of
water to manufacturing enterprises and some methodologies
which support water management. The business water
footprint was adopted as an indicator for sustainability and the
operational water footprint was assessed in three case
studies. The respective results provided a basis for which
sustainability could be assessed. These results led to the
identification of opportunities and barriers to water
management in manufacturing.

The local manufacturing sector needs to become more water-
sustainable. Opportunities for future work exist in determining
the feasibility of certain initiatives, such as rainwater
harvesting or wastewater recycling, which may support
decision making in local enterprises. Feasibility assessments
should include a technical and financial justification which
would look into the cost-effectiveness of water conservation
projects.
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Abstract

Once Water Treatment Plant (WTP) for public supply is considered as an industry, it uses water as a source,
chemicals and physics and biologic steps to treat the water and, obviously, generate waste, which is called as
sludge. Most of these WTPs in Brazil use surface water as a source and a conventional complete cycle
treatment type. The WTPs sludges are found mainly in clarifiers and backwash water filter. Unfortunately,
most of Brazilian WTPs launches its sludge directly into water resources, without previous treatment, violating
management practices and the Brazilian legislation. A solution for this sludge is to remove its water and after
that, recycle the water removed and use the dried sludge in other activities, for example in ceramic
production, in non-structural buildings and even to generate energy. This paper presents a natural and
sustainable technology to dewater clarifiers WTPs’ sludge and discusses possible uses for this processed

waste.
Keywords:

Water Treatment Plant (WTP); Industry; Sludges; Dewatering; Systems; Drainage Bed (BD)

1 INTRODUCTION

Water Treatment Plants (WTPs), which is a system to treat
the water for public supply, for the reason of generating waste
(sludges) with different characteristics, depending on the
stream characteristics, the type of treatment (the type and
amount of chemicals, etc.), is considered an industry. About
this classification, the USA have published the “Clean Water
Act” (PL 92-500), which establishes that WTP for public
supply fall into industries classification and therefore should
have its waste treated and disposed properly.

The act of thinking about treat WTPs sludges, due to its very
fluid characteristic (1 to 5% of total solids), means to
decrease its volume, which leads us to seek for possibilities
to remove the portion of water from the content.

Dewatering systems for sludge in WTP, naturals or
mechanicals, are essential for reduction of sludge volume
and make its final disposal easier. Also, the efficiency of
sludge dewatering depends on the required energy.

From researches carried out by Cordeiro [1], who developed
a natural system of dewatering: the Drainage Bed — DB, and
other studies conducted by Achon and Cordeiro [2], it was
investigated the applicability and advantages of this system in
comparison to other natural dewatering systems.

These studies with DB have been evolved with Barroso [3]
and Achon et al. [4], who analyzed the influence of climate
variables and realized that they are determinant during the
phase of sludge drying. DB is a system that applies geotextile
blanket as a filtering media, and it has more advantages
when compared to other natural systems, due to its
dewatering efficiency (drainage of free water), quality of the
drained water and the possibility of drying the sludge by
thermal processes (evaporation). This natural system was a
result of an evolution of traditional drying beds, in which the

filtering media is the sand. The Figure 1 shows this evolution
described.

BLANKET
SLUDGE
BRICKE E::) SLUDGE
SAND
GRAVEL |
i GRAVEL | [

Figure 1: Evolution from traditional drying beds (a) to
drainage bed (b).

The aim of this paper is to show some sustainable
dewatering methods and applications for WTPs sludges and
the DB as an opportunity for WTP located in tropical
countries due to results obtained with covered DB.

2 SUSTAINABLE DEWATERING METHODS

It is important to note that to this present paper the term
sustainable dewatering methods consists of methods that do
not require external/mechanical energy, but only natural one.
Examples of these methods can be drying beds, bags and
drainage beds (DB).

2.1 Drying beds

The traditional drying beds, as simply represented in Figure
1, is composed by three layers as a filter media: brick, sand
and gravel. In some applications the brick layer is dispensed.
To improve the filtering capacity, the sand layer is composed
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by two or three layers with variable granulometry with total
thickness of about 0.3 m.

There are occasions in which the background of the drying
bed is a waterproofing layer, however, traditionally, the
background is the soil itself. The operation of these beds
should be performed observing the complete drying of the
sludge from one to another discharge, as well as the height of
the layer dumped that, after being properly spread, it is
important to respect the maximum height of 0.3 m. Some
advantages and disadvantages of using traditional drying
beds are presented in Table 1.

Table 1: Drying beds system: advantages and disadvantages
[5].

ADVANTAGES

DISADVANTAGES

- Low initial cost when the
cost of land is low.

- Low
operation.

necessity  of

- Low power consumption.

- Necessity of extensive
areas.

- Necessity of work with
stabilized sludge.

- In the project design is

essential to consider
climatic variables, requiring
some knowledge of
climatology.

- Low necessity of chemical
conditioning uses.

- High solids concentration.

- Require intensive labor to
remove the dried sludge.

Although this system has several disadvantages, due to the
low initial and operational costs, it is a dewatering WTP
sludge alternative which is widely used. Examples of use of
drying beds have been reported on the work developed in the
United States by Murray and Dillon [6]. In this research were
visited 469 dewatering WTP sludge systems, in which 47 of
the total were drying beds, realizing a conclusion that 10% of
the total systems visited use drying beds as sludge
dewatering method.

2.2 Bags

In this technology the sludge is stored in large units which are
shaped as a big bag. It is made of geotextile woven of high
strength polypropylene, which performs two functions
simultaneously: containment of solids mass and drainage of
liquids present in the sludge. This drainage occurs through
small pores, allowing the volume reduction of the contained
waste and, obviously, decreasing the percentage of liquids
present in the sludge. While the volume reduction is
happening in a determined unit, this unit can be filled by
repeated fillings until the available bag capacity is almost
entirely occupied by the solid fraction from the waste.

Thus, after the consolidation of the material contained inside
the bag, this is opened to properly dispose the sludge or
reuse it in manufacturing processes of other products.

Figure 2 illustrates two cases of application of this system for
dewatering WTP sludge in Brazil.

Figure 2: a) Curitibanos WTP — Santa Catarina State, and b)
Santo Anténio do Jardim WTP — S&o Paulo State [7].

2.3 Drainage Beds (DB)

This system consists in a natural system of dewatering WTP
sludge in which principles of operation and functioning are
based on fundamentals of drainage and evaporation.

It is possible to affirm that just as the drying bed, the drainage
bed has two operating steps that can occur simultaneously or
not. One is the drainage of free water, and another the
evaporation. The drain depends on factors related to the
physical filtration (basically geotextile blanked used), but
when chemicals are used obviously also depends on
chemical factors, such as type, concentration and amount of
polymer added to aid in the flocculation, what may result in a
more effective dewatering. About the evaporation step, it
depends on factors related to climate that may or may not be
favorable to accelerate the water removal at this step.

The breakthrough considered in the drainage bed in
comparison with the traditional drying bed is its highly initial
drainage capacity — drainage of free water present in the
WTP sludge — since the WTP sludge is extremely fluid.
Cordeiro [8] [1] due to the fact of identify the necessity of
initial drainage of free water, developed the drainage bed,
which in its final design has only two filter layers, the
geotextile blanket and gravel, with the blanket being the most
important layer in the initial drainage of free water from the
sludge. The geotextile blanket used in the DB has superficial
density of 600 g/m? and is a nonwoven type.

In Brazil there are some WTPs that deployed the DB system
and have succeeded in its operation. Some examples are the
following WTPs: Cardoso (Sdo Paulo State), Guanhaes
(Minas Gerais State) and Guaira (Sdo Paulo State). Figure 3
shows some pictures of Guaira WTP.
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Figure 3: DB Guaira WTP: DB empty, DB filled with WTP
sludge, WTP sludge dewatered, zoom in WTP sludge
dewatered [7].

LN

3 APPLICATIONS FOR WTP SLUDGE

As discussed in the previous item and in the introduction, the
first step when it is thought about treating WTP sludge
consists in dewater it, reducing its volume. However,
performing only this step does not mean a sustainable
treatment of this type of waste, but to make this treatment
truly sustainable, it is necessary to give a proper allocation or
application for this waste.

There are many potential uses for WTP sludge. Among these
are available uses in the soil, cement manufacturing, bricks
or ceramic manufacturing, commercial cultivation of grass,
compost, commercial soil, citrus plantation, settling in water
with low turbidity, coagulant recovery, H>S control, discharge
in collection network sewage, disposal in landfill, energy
generation, etc. [9].

There are already real applications of all of these cited
potential uses in Brazil and around the world. Nowadays, with
the need to think of waste as an opportunity and not as a
problem, the search for new potential uses of waste has
intensified, including opportunities for the sludge.

In Brazil, the major application for dewatered WTP sludge
has been to manufacture brick and ceramic, concrete matrix
and in paving sidewalks for pedestrians.

Table 2 presents briefly some experiences of WTP sludge
applications.

4 MATERIAL AND METHODS

Thinking about improvement of the DB dewatering method, it
was developed some research conducted by Reis [7], in
which it was made some essays in DB prototypes covered
and uncovered, aiming better efficiency in the evaporation
step, based on the premise that this dewatering technology
would get better efficiency in tropical countries, like Brazil for
example.

To conduct this research, DB prototypes comprised of a
nonwoven geotextile blanket with superficial density of 600
g/m?, samples of raw sludge from WTP and plastic covering

Sustainable uses and method for water treatment plant sludges

were tested. Six comparative assays in DB prototypes with
and without covering were performed at the same time for the
evaluation of the drying phase by evaporation. Changing in
sludge humidity was monitored by measuring the total solids.

Different heights of the plastic covering (varying from 0.2 to
0.6 m) were applied in the DB prototypes. For each assay,
samples of sludge in prototypes were daily collected for
dewatering monitoring in the phases of draining and drying
(total solid content).

5 RESULTS AND DISCUSSION

Comparative results in DB acquired during seven days in the
assay number 1 are showed in Figure 4.

== Covered Drainage Bed
—#—Uncovered Drainage Bed

Total Solid Percentage

0 1 2 3 4 5 6 7
Days after dump sludge in the drainage bed

Figure 4: Total solid content in DB with and without covering
(regard to the assay with height of plastic covering equal to
0.2 m in relation to the prototype border).

According to the graph (Figure 4), for the solid content in all
DB assays, with and without covering, the most significant
results were the assays number 1 and 6, which used the
plastic covering with 0.2 m height, resulting in an increase of
30% in the total solid content. From Figure 4, it is clearly
perceptible that the days in which occur simultaneously the
drainage and evaporation steps are from the dump initial time
until the fourth day. On the other hand, from the fifth day to
the end occurs only the evaporation step, evidencing the best
efficiency when the covering is used.

Figure 5 shows a comparison between the conditions of
sludge on the seventh day from the assay number 1, which
allows to visually realize the superiority of water removal from
sludge and consequent reduction of volume in the covered
drainage bed in relation to the uncovered one.

e
Figure 5: Conditions on the seventh day of sludge in the

essay number 1 in the covered DB (left side) and in the
uncovered DB (right side).

For the other assays with 0.3 m, 0.4 m, 0.5 m and 0.6 m
height of the covering, the total solid content was lower,
although it was always higher in covered DB.
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6 CONCLUSIONS

The use of plastic covering in DB increases the ability of
natural thermal drying (solar energy) and the same result
may be expected from the use of this system in other tropical
countries.

Furthermore, this research suggests possibilities for novel
investigative studies with covered DB, with different
coagulants uses, influence of initial total solid content in raw
sludge, height of raw sludge applied in the DB, influence of
climate variables, use of chemicals, applications to the
sludge according to its amount of solids, etc.

Above all, it is important to note that, a promising theme to be
investigated consists in alternatives/opportunities for the
reuse of processed sludge. Thus, it is essential that
technologies for sludge treatment does not only attempt to
the dewatering of sludge, but also are linked to forms of
reuse the waste dewatered, such as in power generation.
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Table 2: Experiences of WTP sludge applications — case studies.

In research aiming the waste reuse, he produced a composite of WTP sludge and
sawdust to use as aggregate in concrete. The concrete containing the composite was
prepared with the full replacement of conventional aggregates, characterized as non-
structural lightweight concrete with thermal properties that suggest application in
lightweight elements for sealing and thermal insulation.

It was studied the incorporation of WTP sludge in red ceramic manufacturing and the
results showed that the sludge presents characteristics of silty clays of low plasticity,
being possible to replace similar clays up to 8%, according to the physicochemical
properties specified in manufacturing standards for red ceramic cladding (brick).

The sludge was used in percentage substitution of the sand dry weight in cement
matrices and the results showed that for substitution on 4 and 8% the concrete
strength values were higher than 27MPa at 28 days, allowing multiple applications for
this concrete, once they are non-structural application, since it cannot be certain
predicted the behavior at long time. The viable applications are subfloors, sidewalks
and residential floors, concrete covers for pit and pull boxes roofing, etc.

It was simulated the manufacturing of the concrete daily performed by the masons with
the traces 1:2:3 (cement:sand:gravel) in mass and with visual monitoring of its
workability. The viability analysis of the use of sludge as aggregate was based on axial
compression tests and diametrical compression tests. These tests demonstrate that
for traces using 5, 10 and 20% of sludge, it was obtained axial compression resistance
higher than 15MPa, being considered as very good results, since for sidewalks are
recommended values of 10MPa. About tensile tests there were no references, but
even though it was possible to realize that the use of sludge as a compost with sand
as fine aggregate interfere in the results, being recommended the use of percentages

Author, WTP . )
S Notes/considerations
application coagulant
Souza [10],
application in
concrete as Al2(SO4)s
aggregate
Tartari [11], Poly-
application in red aluminum
ceramic chloride
manufacturing (PAC)
Hoppen [12],
application in Alx(SO4)3
concrete matrix
Costa [13], Aluminum
application in polychloride
sidewalks (APC)
close to 10%.
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Abstract

Manufacturing is responsible for about one half of global consumption of primary energy, a great deal of which
is consumed by machine tools producing discrete parts. The topic of energy efficiency is driven forward by
machine tool users who demand low operational costs, as well as social and legislative forces requiring
environmentally friendlier manufacturing. This paper aims to provide examples and good practices for
improving machine tool energy efficiency with a focus on metal cutting machine tools. During the design
stage, there are various opportunities to minimize inherent energy losses by selecting and dimensioning
drives and peripherals. On the other hand, users have a large impact on productivity by using the machine
effectively and knowledgeably. The paper also presents techniques for measurement and analysis of the
energy profile of machines which help to better target energy saving measures on already existing machines.

Keywords:

Design Modification, Electrical Power, Energy Efficiency, Machine Tool

1 INTRODUCTION

Manufacturing efficiency is an important factor for life cycle
balance of production machines and their products. Former
studies have shown, that the most important negative
environmental impact of machine tools is the energy
consumption during the use phase [1]. The energy costs also
contribute to double-digit percentage of total life cycle costs,
[2].

Energy efficiency of machine tools is a topical issue with
motivation coming from several sides: machine
manufacturers and users aiming at lowering processing
costs, legislation requiring reduced environmental impact, as
well as social aspects considered by customers and
shareholders, [3] and [4]. Also CECIMO, the European
Machine Tool Builder's Association, prepares a self-
regulatory initiative for supporting the energy and resource
efficiency of the machine tools produced in the EU [2]. The
ISO 14955 standard ‘Environmental evaluation of machine
tools’ [5] aims at improving energy efficiency by application of
unified methods for energy consumption measurement,
evaluation and reduction.

This paper summarizes experience gained through practical
measurements and application of energy saving measures on
metal cutting machine tools. Section 2 brings an overview of
recommended methods for determining the energy profile of
a machine. In Section 3 well tried general design principles
for improving energy efficiency are mentioned. Section 4
introduce three case studies on three machine tools.

2 ENERGY PROFILE MEASUREMENT

The first task when measuring energy consumption of a
machine tool is the decision on the system boundary. This
topic is addressed in detail in ISO 14955-1 [5] even for rarer
cases e.g. machines with waste heat exchangers. In most
cases the machine is connected to the mains and to the
central compressed air system which are enough to monitor.

The second task is choosing a relevant operating scenario
typical for the machine. It should include productive time
(typical workpieces, batches) as well as nonproductive time
(stand-by, spindle idle run, warm up). If there is no ‘typical
process specified, Research Center for Manufacturing
Technology (RCMT) uses a workpiece from the TS B 0024-
1:2010 standard [6] (Figure 1) suitable for milling machines
with 3 and more axes. Scaling its size and cutting conditions
is necessary to match machine tools of various sizes and
spindle power.

scale factor 1 scale factor 2

Figure 1: Test pieces including face milling, slotting and

drilling with progressive cutting parameters, inspired by

standard [6]; a) scale factors 1 (edge 120 mm), 2, 3; b)
geometric details for scale factor 2.
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2.1 Equipment for power measurement

The third task is choosing the equipment for basic energy
consumption measurement. Figure 2 schematically shows
standard electric circuits layout of a machine tool.
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Figure 2: Schematic machine tool electric circuits with 3 types
of electrical power measuring points: (1) 3-phase 50Hz AC,
(2) DC line, (3) 3-phase AC with PWM voltage.

There are three types of energy flows which need to be
monitored for obtaining the energy profile of a machine:

. 3-phase 50 Hz AC power measured at more locations
by a multichannel equipment (type (1) in Figure 2);

e  Power consumption of NC drives; RCMT uses current
transducers based on the Hall - effect for monitoring

currents from the DC line into inverters (type (2) in

Figure 2); control system information is also an

alternative.

Figure 3: Mounted Hall-effect current sensors for
measurement on the DC link to drive inverters.

. Compressed air consumption measured by flow,
temperature and pressure sensors; conversion rate for
common 6 bar systems is approximately 18 W ~ 1l/min
considering ideal compressor, 30 W ~ 1 I/min
realistically.

In some cases it is advantageous to go for a more detailed
analysis and also measure:

e thermal power (measured by thermometers and flow
meters) for estimation of cooling power and efficiency of
coolers / chillers or heat exchangers;

2 x flow meters

H -
Figure 4: Cooling power and chiller’s efficiency measurement
setup on a two-circuit chiller.

e  fluid power (measured by sensors of pressure and flow)
for estimation of effectiveness of hydraulic circuits /
components and efficiency of relevant pumps (e.g.
cooling lubricant, Figure 7);

2.2 Basic energy consumption breakdown

Normally three basic energy flows into the machine tool and
its components need to be monitored:

e  spindle / axis NC drives;
e  peripherals (electric);
e compressed air (converted to electrical power);

ISO 14955 suggests a functional approach, which is
advantageous for comparing different ways for obtaining the
same function within a machine tool. For example the
function ‘conditioning of the cutting process’ can be
performed by liquid coolants, compressed air, nitrogen
cooling or minimum quantity lubr. (MQL). Their parameters
including energy consumption will differ significantly.

There are various means of displaying the measurement
results. These include pure time series, Sankey diagrams
with component breakdown, pie graphs, or other graphs
showing dependencies among parameters. Figure 5 shows
the measured relation of machine total power consumption
and the metal removal rate. Results show a pattern similar to
the ‘efficiency envelope’ published in [7] and [8].
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